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Your smartphone and your 
telescope are now best friends... 


Omegon 8" Dobsonian telescope with Push+ object locator 






= FOF. 
sensitive focusing 
- Plenty of = 
light for your introduction 
to the world of star 
clusters, nebulae and 
galaxies 
- For mounting 


any telescope with a GP rail 


- The SkySafari® app 
for Android and PC programs such as 
Cartes du Cie/® or Stellarium® can be 
used lo control your telescope 


- Convenient, 
Bluetooth 2.0 creates 
a connection fo your 
smartphone - range 10m 


- Your 
telescope always knows 
where it is pointing. The 
software lets you follow 
every step and find objects 
in a Jiffy 


- Suitable for 
all smart phones up 
to 75mm in width 








oe 48277 £249.00 
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HOW TO FIND ANY OBJECT IN THE NIGHT SKY USING YOUR 
MOBILE PHONE AND TELESCOPE. 


Experience a whole new feel to exploring the night sky with the Omegon 8" Dobsonian Push+. 
This telescope lets you observe each planet and Deep Sky Object. The new Push+ system makes it 


possible — with the help of a digital encoder and your own Android smartphone. After downloading 
the SkySafari® app everything is ready to go. Simply select an object and move your telescope in the 
desired direction. You will see exactly where your telescope is pointing on your smartphone screen. It 
lets you locate astronomical objects and get to know the night sky at the same time. 
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) Discover the wonders of the universe 


Just as we were 
going to print, 
the European 
Southern 
Observatory 
» made an 
announcement that sent shock waves 
through the scientific community - 
and let’s be honest, the All About 
Space office, too. A planet, 1.3 times 
the mass of Earth, has been found 
around our nearest star. What’s more, 
the world, known as Proxima Centauri 
b, is in the habitable zone of its red 
dwarf, meaning that it could quite 
possibly hold liquid water on its rocky 
surface. This issue, we catch up with 
the team of astronomers who made 
the ground-breaking discovery. Turn 
to page 28 for the full details. 

The exciting news doesn't stop 
there - this month, Matt Taylor of 
ESA’s Rosetta mission and his team, 
which includes mission manager 
Patrick Martin and Rosetta scientist 
Michael Kueppers, have provided 
an exclusive report on what the 
spacecraft and its Philae lander have 
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revealed about comets and how the 
famous mission has cracked the 
mystery of the Solar System - only 
in All About Space! We'll also be 
featuring live coverage of the end of 
the mission at the end of September. 
Insight Astronomy Photographer 
of the Year results are now out in the 
open, sO we've asked previous winners 
- including imager Damian Peach - on 
how to get award-winning shots of the 
planets, aurorae, skyscapes and more. 
Before I sign off, it is with deep 
sadness that I announce the untimely 
passing of one of the magazine's 
contributors and astronomer 
Peter Grego. A key person in the 
development of our new Stargazer 
section, Peter was an important part 
of the team and will be sorely missed 
by all. Our thoughts are with his wife 
Tina and his family. 
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Contributors 


Giles Sparrow 
££ ~—sHotonthe trail of the 
e newfound world around 
* — Proxima Centauri, Giles gets the 
a YL fulldetails from the discoverers 
aw of the super-Earth, Proxima b, 
which could even host liquid water. 


Matt Taylor & the Rosetta team 
Rosetta project scientist Matt 
Taylor and his team report 
exclusively on the results from 
the comet chaser this issue - as 
the mission comes to an end. 


David Crookes 
Now that NASA‘s asteroid 
Sample return mission, 
OSIRIS-REx, is well on its way 
to asteroid Bennu, David 
uncovers how the mission will 
work out how life originated on Earth. 


Stuart Atkinson 
Stuart gets the details on 
how to create award-winning 
shots from none other than 
the winners of Astronomy 
Mee 9 Photographer of the Year. 
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Proxima b orbits in 
the habitable zone 
of our nearest star 


“We've found 
evidence of 
a planet with 
an orbital 
period of 11.2 
days anda 
minimum 
mass of 1.3 
Earths" 


Dr Guillem Anglada- 
Escudé, Queen Mary 
University London and The 
Pale Red Dot Campaign 
[page 28] 
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The possible 

discovery 
of a fifth force of the 
universe, Venus could 
have once been habitable, 
plus NASA has a million- 
dollar Mars challenge for 
you this month 


FEATURES 


World Exclusive: 
Rosetta 


Mission members Michael 
Kueppers, Matt Taylor and Patrick 
Martin on how the comet chaser 
has solved the mystery of the 
Solar System 


e 
Distant target 
analysis 
When it comes to protecting 
Earth from impacts, it is crucial 
to know what asteroids are made 
of. NASA is working on a device 
to find out 


New discovery: 
Earth next door 


Welcome to Proxima b, the 
newly-discovered planet on our 
cosmic doorstep 





Chris Hadfield 


The first Canadian to walk in 
space talks the future of space 
exploration and David Bowie 


Hot & 
hellish Venus 


Plus more of the most extreme 
places in the universe 


Milky Way 
Take a tour of our galaxy like 
never before 


How to mine 
an asteroid 


Discover how OSIRIS-RE%x, on its 


way to Bennu, will return space 
rock samples to Earth 


ONTENTS 2 


TWEET US 
@spaceanswe!rs 


POST ON FACEBOOK 
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“[In space] everything feels like it's 


being pulled up towards the ceiling 
by invisible strings. It feels like magic” 


; 3 Chris Hadfield 
x Retired Canadian Space Agency astronaut 
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Your complete guide to the night sky 
What's in the sky? 


The autumn skies offer an enormous 
selection of events 


Moon tour 
Tycho crater is one of the most 
notable impacts on the lunar surface 


Naked eye & 
binocular targets 


Identify some of the cooler month's 
OW O most notable asterisms and stars 
This month's 


® 
jaelistereialy | planets 
Mars and Saturn are still readily 


observable this month 


asteroid Take award-winning 


astroimages 
Winners of Astronomy Photographer 
of the Year show you how 


How to... Get the 
best shots of a. 
penumbral eclipse 
Capture our Moon's wander into 
subtle shadow 


Deep sky 
challenge 

Try your hand at spotting some of 
the treasures in Cassiopeia 


How to... Observe 
Andromeda 

Learn everything you need to get 
must-see sights of our closest spiral 


The Northern 
Hemisphere 
Enjoy a variety of night sky objects 


Me & My 
Telescope 


| fo We feature your astroimages 
98 Heroesof Space Astronomy 
it reviews 
- Anousheh Ansari: first Iranian- 


Must-have books, software, apps, 


~ American woman in SpaCe Ce and accessories 
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Our experts solve your space 
conundrums this issue 
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Space Reader Survey 





Take our three-minute survey and... 
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We hope that you enjoy All About Space 

as much as we love making it. As always, 
we're keen to make your favourite magazine 
an even more enjoyable read. So, this year, 
we're offering you the chance to be part of 
the All About Space panel by answering just 
a few easy questions. | can’t wait to hear 
your thoughts on the magazine! 
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takes 3 
mins! 


Take part in our 2016 reader survey and you 
can enjoy these fantastic benefits 


Exclusive discount subscription to the magazine 
Incredible savings for new and existing subscribers. 
Plus Free delivery direct to your door. 


Exclusive savings on mags and books 
Get a 10% discount code to use at our online shop 


Competitions 
The chance to enter 
exclusive competitions 
for money-can’t-buy 
prizes 


= 


Step 1 
Complete 
survey 





Free gifts 
Become eligible for 
free gifts including 
digital editions for 
phones and tablets 


Step 2 
Get 
involved 





Have your say 
A place on our reader 
panel, giving you 
regular input on 
the magazine 


Step 3 
Earn 


Keno] Ol) 


Complete our survey & join the team today 


spaceanswers.com/survey2016 
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Reader Survey SOace 


Four changes 
you asked for 
in 2015... 


Last year we used your input 
to make some fantastic 
improvements, including... 


Bigger & better 
astronomy section 
Many of you are keen astronomers, 
SO we made a brand new guide for 
all of your stargazing needs. > 





“How to...” astronomy 
tutorials 
We wanted to take you to the 
next level in your hobby, So we’ve 
provided comprehensive guides. 


More in-depth reviews 

We test the latest astronomy 
kit, so you make the right choice 
when purchasing your telescopes 


and accessories. _) 





Your space wuestions ) 

answered — even better! 
We restyled our Q&A section by 
packing it with infographics to 
answer your questions with impact. 
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Star trails at the 
South Pole 


Taken in Chile's Atacama Desert by 

photographer, Adhemar M. Duro Jr, bright arcs 

and circles can be seen in the evening sky - trails 

Son adh I ee : that have been created over a period of several 


= in 


"Ny Se Td cite ie *) Semen COV EHR UN eRe Mel cele eve Ran oe rele Lay 


Pole. The trails take on various brightnesses 


= * 


en and colours thanks to the stars that made them, 
See a creating a magical scene. Towards the top left of 
~= fe. the image, a short, bright streak of light can be 


seen cutting across the path of the stars, which 
is caused by a meteor burning up as it enters 
- our planet's atmosphere. 
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NASA sets 
aTaaM ey biialalecs 
World Record 


The sounding rocket team at NASA's 
Wallops Flight Facility in Virginia, US, 
conducted a mission that included the firing 
of 44 rocket engines. When the rocket was 
launched in September last year, it managed 
to set a new world record for the most 
rocket engines fired on a single flight. 

The rocket carried the Charged Aerosol 
Release Experiment II, or CARE Il, which 
studied the atmosphere's charged particles. 
The majority of the rocket engines were 
burned to create an exhaust cloud of dusty 
plasma, which was used for the experiment. 
Four engines served as spin motors, used 
to reduce the impact dispersion of the 
rocket. Sounding rockets provide a fast, 
cost-effective way of carrying out science 
through suborbital missions. 
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Hubble's fireball “9 S 


Enveloped within striking clouds of gas and dust, this)  * _ > a 

is the nebula known as M1-67 and inside it is a bright ; ‘e 

star named al 2-427 - a Wolf-Rayet star. These. * 4 ; : 2 

stellar objects are quite arare type of star and possess . . » “ D Fa 

temperatures of well over 25,000 etree =) ETS | 

(45,000 degrees Fahrenheit) along with an enormous , ie 

mass that ranges between five and 20 times that of oum ~ 

Sun. Wolf-Rayets are constantly, losing vast amounts of 

mass via thick winds, which pour into space. . 7 

Hen 2-427, also known as WR 124, has been flooding #s Py > 

its nebula with large clumps of gas and the intense ° , 
, radiation of its fierce stellar winds for millennia, e ’ : " 

eee it into an ever-expanding and dimatic ring. a 4 : - “. La 
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| thi rst International 
eu Ad ss hich was launched on a SpaceX 
' Dragon cargo craft in July and will STE ea 
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“There's no 
other boson 
Weel IVC 


* observed that 


Jake ee econ me 
characteristic” 


a al 


Scientists have long known about the 
four fundamental forces of nature 
but now it appears that there may 
well be a fifth force. According to 
theoretical physicists at the University 
of California in the US, evidence 

is pointing to the existence of a 
previously unknown, force-carrying 
subatomic particle - a particle that 
only interacts at short distances with 
electrons and neutrons. 

Researchers are dubbing this the ‘X 
boson’ and it is set to be revolutionary 
if proven. It would not only join the 
ranks of gravity, electromagnetism 
and the strong and weak nuclear 
forces, it could also help physicists to 
better understand the nature of dark 
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per cent of the mass of the universe. 
It could shed new light on the 
unification of forces, too. 

The scientists made their 
findings after studying data from an 
experiment by nuclear physicists at 
the Hungarian Academy of Sciences. 
When those researchers smashed 
protons into a thin film of lithium, 
they noted that decaying beryllium 
atoms were created, which showed 
evidence of a particle that had two 
per cent the mass of a proton, yet was 
30-times heavier than an electron. 

Back in April 2015, the Hungarians 
believed it to be a dark photon. But 
analysis co-author Timothy Tait, 
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Ban research suggests 
filmeeusey 


of theta 


professor of physics and astronomy 
at the University of California, US, 
says the evidence now appears to 
dismiss this possibility. They also rule 
out the potential for it to be a matter 
particle. “There's no other boson that 
we've observed that has this same 
characteristic,” says Professor Tait. But 
what does it mean? 

Well, Tait’s colleague and the leader 
of the study, Professor Jonathan 
Feng, says the force may be joined to 
the electromagnetic and strong and 
weak nuclear forces. It could also be 
indicative of a separate dark sector 
with its own matter and forces. But 
Professor Feng admits that more 
experiments are needed before 


h force 


Possible finding could lead to a 
better undefstanding of dark matter 
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Scientists are hoping 
‘o better understand 
dark matter but 
currently know more 
about what it isn’t 
rather than what it is 


anyone can be sure. One thing's for 
certain, the data cannot be explained 
by the Standard Model governing 
particle physics. 

This fact, together with the 
particle's low mass, points to a new 
force being involved. “The particle is 
not very heavy, and laboratories have 
had the energies required to make 
it since the 1950s and 1960s,” Feng 
explains. “But the reason it’s been 
hard to find is that its interactions 
are very feeble. That said, because 
the new particle is so light, there are 
many experimental groups working in 
small labs around the world that can 
follow up the initial claims, now that 
they know where to look.” 
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; Nearby exoplan 


have oxygen Be etait 


This Venus-like body may. have thin ‘air cae it ccs 


not thought to carry life 


An exoplanet that is just a cosmic 
stone's throw away from Earth could 
possess a thin oxygen atmosphere, 
even though it has a temperature 

of nearly 230 degrees Celsius (450 
degrees Fahrenheit). Harvard 
astronomer Laura Schaefer and her 
colleagues believe oxygen could have 
lingered behind and they say the next 
generation of telescopes could even 
detect and analyse it. 

GJ 1132b was discovered last 
November and it is 39 light years 
away from Earth. It orbits its star at 
a distance of 2.2 million kilometres 
(1.4 million miles) and, like Venus, it 
is thought to have once possessed a 
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water-rich atmosphere. Using that as a 
Starting point, Schaefer and her team 
looked at the effects of the exoplanet 
being flooded with ultraviolet light. 

The research found it would break 
the water molecules into hydrogen 
Vale Mey.qiseic) BM Kc) (ore eeromes nei leO Maelo 
atmosphere. With the resulting water 
vapour creating a greenhouse effect, 
the exoplanet would become even 
hotter. It would, the team added, 
ensure the surface remained molten 
for millions of years, causing the 
magma ocean to absorb about ten per 
cent of the escaping oxygen, the rest 
having been lost into space along with 
the lighter hydrogen molecules. 
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School of ntl 
Sciences Says: 


on a rocky planet rere ic Saki 
System,” says Wordsworth. 

But anyone hoping the existence 
of oxygen would point to any signs of 
life will be disappointed. “On cooler 
planets, oxygen could be a sign of 
alien life and habitability. But on a 
very hot planet like GJ 1132b, it’s a 
sign of the exact opposite - a planet 
that is being baked and sterilised,” 
Schaefer explains. 





Black holes are not truly black 


Hawking's predications are backed ay a simulated experiment 


Professor Stephen Hawking’s world- 
famous hypothesis from 1974 
suggested that black holes emit 
electromagnetic radiation, which 
causes them to evaporate and shrink 
in size. Since then, scientists have 
looked to gather evidence to test the 
Hawking radiation theory but only 
recently has evidence been discovered 
which backs up these claims. 

By using a simulated black hole 
created from sound waves, researchers 
have been able to examine this alleged 
peculiarity of quantum physics by 
reproducing a super-cooled state of 
matter known as a Bose-Einstein 
condensate. In doing so, Professor 
Jeff Steinhauer, from the Technion- 
Israel Institute of Technology, Israel, 
demonstrated that particles could 
actually escape. 

Crucially, these were linked with 
exact-opposite particles that were 
being pulled into the black hole. This 
is what Hawking hypothesised would 
happen. He said that particles at the 
event horizon, or edge, of a black hole 
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are not destroyed by an antiparticle as 
they are elsewhere. Instead, one falls 
inside while another escapes. Over 
large amounts of time, this radiation 
causes the black hole to evaporate. 
Professor Steinhauer says his tests 
therefore suggest that a black hole 
is not as black as we imagine - that 
it may emit something. It also calls 
into question why Einstein's theory of 
gravity is seemingly incompatible with 
quantum mechanics but it shows that 


Steinhauer's experiment 
replicated a black hole 
using sound waves to 
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there should be light from a black hole. 

“We find that the high-energy pairs 
are entangled, while the low-energy 
pairs are not [tangled], within the 
reasonable assumption that excitations 
with different frequencies are not 
correlated,” Professor Steinhauer 
explains. “The entanglement verifies 
the quantum nature of the Hawking 
radiation. The results are consistent 
with a driven oscillation experiment 
and a numerical simulation.” 
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Probing empty space 
unveils dark energy 
Astronomers are looking at the 
empty spaces in between the 
universe's visible matter as they seek 
evidence to test Einstein's theory 
of relativity. They are searching for 
small deviations in the behaviour 
of invisible dark energy. “It's easier 
to pick up on effects in the voids, 
where there is less distraction,” says 
Paul Sutter, researcher at the Ohio 
State University, US. 


Alien world 
secrets revealed by 
‘failed stars’ 


Brown dwarfs are diverse with 
varying temperatures, different ages 
and dissimilar compositions. They 
also provide a natural link between 
astronomy and planetary science. A 
team led by the Carnegie Institution 
for Science, Washington DC, has 
been looking at these variables, 
discovering that the dwarfs’ 
atmospheric conditions may be 
behind many of their differences. 


Astronomers operated 
5,000 years ago 

Research using 2D and 3D 
technology has shown that stone 
circles found in Scotland, UK, 
which date back to 3000 BCE, 

were constructed to align with 

the movement of the Sun and the 
Moon. “Nobody before this has ever 
Statistically determined that a single 
stone circle was constructed with 
astronomical phenomena in mind; 
it was all supposition,” says project 
leader Gail Higginbottom. 


SpaceX to reveal new 
humans-to-Mars plan 
Elon Musk, CEO of SpaceX, is set 

to detail plans on how his private 
Space company intends to create a 
permanent, self-sustaining human 
presence on the surface of the Red 
Planet. Due to be revealed during 
the 67th International Astronautical 
Congress, which is to be held in 
Guadalajara, Mexico, between 26 and 
30 September, Musk will address 
solutions to the difficulties of setting 
up a home on another world. 


Stay up to date... 
@©www.spaceanswers.com 


Fascinating space facts, videos & more 


© Twitter Q@Facebook 


@spaceanswers /AllAboutSpaceMagazine 


15 





LAUNCH PAD 


YOUR FIRST CONTACT WITH THE UNIVERSE 


NASA launches million- 
cI Fae leKesrll(oatsze 


You could win a hefty cash prize by guiding a 
virtual droid on the Red Planet 


Fancy trying your hand at 
programming a virtual robot to 
complete tasks in a Mars-based 
simulation? NASA has launched 

the Space Robotics Challenge as it 
looks to develop the capabilities of 
humanoid robots to aid astronauts 
who intend to make future journeys 
to the Red Planet. 

With a $1 million (around 
£750,000) prize pool up for grabs, 
entrants have to code a robot that 
is modelled on NASA's Robonaut 5. 
It will need to be able to perform a 
number of tasks including aligning 
a communications dish, repairing 
a solar array and fixing a habitat 
leak. There will have to be a period 
of latency too, representing the 
communications delay between 



























Software developed 
for the challenge 
will be usable on 

other robotics 
systems, NASA says 


the Red Planet and the Earth-based 
teams. “Precise and dexterous 
robotics, able to work with a 
communications delay, could be used 
in spaceflight and ground missions 
to Mars and elsewhere for hazardous 
and complicated tasks, which will be 
crucial to support our astronauts,” 
explains Monsi Roman, the 
programme manager of NASA's 
Centennial Challenges. 

Roman continues, “NASA 
and our partners are confident 
the public will rise to this 
challenge, and are excited 
to see what innovative 
technologies will be 
produced.” Visit nasa. | 
gov/spacebot for ~\ 


details. \ 





Ancient Venus was habitable 


and had liquid oceans 






New research suggests 
Earth's evil twin had 
comfortable conditions 
for 2 billion years 


Venus roasts at 460 degrees Celsius 
(860 degrees Fahrenheit), has a carbon 
dioxide atmosphere and it lacks water. 
But for 2 billion years of its early life, it 
is likely to have been habitable with a 
Shallow liquid water ocean, according 
to NASA's Goddard Institute for Space 
Studies (GISS), New York. 

Using computer climate models to 
simulate the conditions of early Venus, 
and by hypothesising an atmosphere 
similar to Earth and adding radar 
measurements taken by the 1990s 
NASA Magellan mission, researchers 
have created a hypothetical glimpse 
of the past. Since the ancient Sun 
was 30 per cent dimmer, the study 
has showed Venus was once blessed 
with a more hospitable temperature. 

It is thought to have had more dry 
land than Earth, limiting the amount 
of evaporated water, reducing the 
greenhouse effects. “These results 
show ancient Venus may have been 
a very different place,” says GISS 
researcher Michael Way. 
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Could the weird dimming be due to 
comet fragments blocking the star's light? 


‘Alien megastructure’ 





bathe ee oe star exhibits more 
ail ave formed out 0 Z 
| similar ingredients strange behaviour 


to Earth 


Tabby’s Star just keeps 
getting dimmer and dimmer 


When NASA's Kepler mission focused 
on the star KIC 8462852 (Tabby’s Star), 
its erratic flickering at 12,875 trillion 
kilometres (8,000 trillion miles) away 
startled astronomers. The star was 
seen to dim by over 20 per cent, 
which was at odds with normal stars. 
Since then, astronomers have sought 
an explanation. Could it be clouds of 
dust or a Swarm of comets? Or could 
it be an alien megastructure aimed at 
collecting solar energy? The latter is 
unlikely, but it makes a good headline! 
The latest findings suggest that 
during the four years of Kepler's 
mission, Tabby has lost 3.5 per cent 
of its luminosity. This has baffled 
astronomers, as no other stars in the 
vicinity have replicated this. This news 
is sure to delight Bradley Schaefer 
of Louisiana State University, as the 
findings appear to mirror his claims 
that the star has lost 19 per cent of its 
brightness over 100 years. But a search 
for an explanation continues. 


© NASA; ESA; D. Coe; N. Benitez; T. Broadhurst; H. Ford; JPL-Caltech; Dana Berry; Skyworks Digita; CfA 
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. _The ESA team report exclusively for All About Space, 
ahead of'the mission's end, on how the comet chaser 
_has solved the mystery of the Solar System 
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During its mission, the conncae : 
| cha els lan Vcel a series of firsts 
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Jupiter's orbit using solar cells as a 
* power source : ° 
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ee its journey around Ma Sun : 


+ The spacecraft became the first 
to examine how a frozen comet's 
surface is transformed by the heat 
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Rosetta 


Comets are like time capsules or messages in a 
bottle: when our Solar System emerged 4.6 billion 
years ago from a disc of dust and gas surrounding 
the proto-Sun, dust accumulated first to small 
bodies, and those small bodies then formed the 
planets. Comets are the ‘leftovers’ from that process, 
small pieces that were not incorporated into one 

of the planets. They spend most of their time far 
from the Sun, and only on rare occasions are their 
orbits disturbed towards the inner Solar System, 
where they become accessible for observation. Being 
generally in the cold environment of the outskirts of 
the Solar System, they are not processed very much 
and are still close to the state they were in billions of 
years ago: true remnants of the formation period. As 
such, they are very interesting objects to study. 

When we launched Rosetta towards the Comet 
67P/Churyumov-Gerasimenko in 2004, we had 
some specific questions in mind about comets in 
general that we wanted the mission to address. The 
first was that since comets come from the earliest 
times in the Solar System, they can tell us about the 
conditions in the protoplanetary nebula of gas and 
dust that orbited the Sun and eventually formed 
the planets. At which point in the development 
of this nebula did the temperature and pressure 
become suitable for the small bodies like comets 
and eventually the planets to form? What was the 
size of the grains or blocks that were accreted by the 
comets and planets? And is there a fundamental size 
of the building blocks? 

Following on from that, we wondered are comets 
primordial objects formed in the protosolar disc, or 
are today’s comets products from later collisions in 
the outer Solar System? Knowing where and when 
comets formed is important because it could tie in 
to the origin of Earth's water. We know that Earth 





Lf mn kilometres 
So | re ayer 
ether y' 
From Earth 
to Comet 67P 
da om AR TISCN Oaks 
flight path 
broke records 


On board an Ariane-5 
rocket, the Rosetta 
spacecraft and the 
Philae lander launch 
from Guiana Space 
Centre in French Guiana. 


fofmed close to the Sun, where temperatures in the 
solar nebula were too high for water ice to condense, 
SO was Our water delivered from the outer Solar 
System by comets? Similarly to water, some of the 
(oleae Dabo apr-lkcieee) apr lap (MM elcM bye )icMO) Mm NNicMee mM Oe Tad pS 
volatile and not expected to have been available 

in the inner part of the protoplanetary nebula. Did 
comets play a role in the formation of life? 

Last of all, when getting close to the Sun, comets 
are spectacular, with their outer atmosphere, or 
coma, stretching millions of kilometres from the 
nucleus to form their tail. We know that the coma 
and tail consist of gas and dust; the gas coming from 
the ice present in the comet's nucleus (the solid 
body of the comet), after being heated by sunlight 
and sublimating, and the dust is carried away by 
this escaping gas. However, we do not know how 





@ 319mn kilometres 410mn kilometres 
September 2008 July 2010 
Rosetta makes a flyby Rosetta characterises 
of asteroid 2867 asteroid Lutetia by 


Steins after flying past 
Mars and entering 

the asteroid belt. The 
mission characterises 
the surface of the space 
rock during the seven- 
MAT IATeL Kem a NY,B DZ 


ATA AW eae M oP 
(1,965mi) of it. The 
craft captures several 
stunning photos, 
revealing its irregular 
shape and heavily 
cratered surface. 


this process is initiated and maintained. How can 
the minuscule pressure from the gas flow from the 
nucleus break up the dust particles and carry them 
away from the surface? How is the activity of the 
comet maintained? Shouldn't the gas sublimation 
result in the formation of a dry, dusty surface layer 
that isolates the ice below it from sunlight, prevents 
sublimation of the ice and chokes the activity? 
After centuries of telescopic observations of 
comets, the first space mission to such small bodies 
targeted Halley's Comet in 1986. The first images 
of a cometary nucleus were taken, revealing a dark, 
potato-shaped object with much of its activity 
concentrated on clearly identifiable active regions. 
However, while being great achievements, those 
fast flybys of the nucleus were mere snapshots, 
not sufficient to answer many of the fundamental 


“Prior to Rosetta, no spacecraft had ever 
entered orbit around an object so small 
with such low gravity” 


A Me Eee aC 
Rosetta wasn't originally destined 
for Comet 67P.. 


The European Space Agency initially planned 
for Rosetta to visit a smaller comet - 46P/ 
Wirtanen - however, a delay in the launch 
forced the agency to find a replacement 
comet. Bigger comets make landing on 

their surface easier, decreasing the need for 

a precise landing combined with a strong 
gravitational pull for a heavier landing. 


67P/Churyumov- 
Viiae laces Gerasimenko 


! 


Landing PeviCertit 
Sj oyetse Seyee 
0.5m/s ys 


—_—————I 
1.2km 
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unknown 


46P/ 
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671mn kilometres ® 792mn kilometres ® 672mn kilometres ® 600mn kilometres ee ritem cal leynntcagety 480mn kilometres 
| July 2011 October 2012 January 2014. March 2014 August 2014 November 2014 
| Just over three years While still in its deep Rosetta wakes up with The craft catches its aI ao) (=) t=] Re The Rosetta craft 
away from Comet 67P, space slumber, the a pre-programmed first glimpse of Comet FVAK=) me Ok =1 ae: MLO ae a(=leR successfully delivers 
) the European Space Rosetta spacecraft FF assmecere emule lenin 67P. A series of braking the craft successfully its Philae lander to the 
| Agency places Rosetta reaches its deepest up its key navigation manoeuvres enables swings into orbit around surface of Comet 67P. 
| into a deep space point in deep space. It instruments, coming it to edge closer to the the comet and obtains 
hibernation mode. This is racing at a speed of out of a stabilising spin, comet's nucleus. It slows | close-up imagery of 
is to save energy during up to 15.3 kilometres the craft signals to let to a relative velocity of 67P, marking a major 
| the remainder of its (9.5 miles) per second mission operators know less than one metre (3.3 MAT K= Rela =M EMAC M a) Ke) BY, 
journey to the comet. oy ET Ce LR E11 Eee ai iclem feet) per second. of space exploration. 
“" | | | Bien 
Rosetta turns towards Comet 67P my Bc le TAY 
With infrequent thruster burns, Rosetta ; 
Bi Cte) cole Koln] ne Mag ToRU la re mance) Se eae hilae oN 
| ROR Sane Cet Ein’? weighs about the same as a paper clip 


eee aur nea 


In order for the Philae lander to 
arrive on target, engineers have 

to predict Rosetta’s speed and 
position. Their calculations need 

to factor in winds that stream from 
the surface of 67P, as well as the 
irregular gravitational field produced CEE 


by the comet's rubber-duck shape. yest 
0.76m/s 





Weight ofapaper Weight of Philae 
clip on Earth: on Comet 67P: 


. > ) fs is 
| ieesi) | 
Philae phones home 
Rosetta attempts to establish 
radio contact with Philae once it 


T-7h@ 
Synchronised separation 
The control centre in Cologne, 
Germany, provides a cue for Philae 
to eject from the Rosetta probe 
and it begins to descend towards 
the surface. Some 40 minutes 
later, the orbiter pulls back and 


heads for a more distant orbit. PCRORY,Uy Qeoenhinkoe 


comet's centre. As soon as the 
lander is within 1Okm (6.2mi), 
it beams back brand new data 


ene | about the comet's surface. 








Scie | @ T+1h50m 
Once Philae is released, several On the move 
SM eal eg Te After its first bounce, Philae 
travels for 1km (0.6mi) up @ T+7m 





work, taking pictures, tracking 
the rate of descent, sampling 
the comet's halo of evaporating 
water, gas and dust as well as 
studying the solar wind. 





Final landing 

After a second bounce, 
Philae lands on the surface 
of Comet 67P, but given 
that the harpoons were 
unable to pin it into place, 
the lander isn't secured. 


and at an equal distance 
across the comet, before 
hitting the surface again. 
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Philae's harpoons ‘ 
and rocket fail to fire 

The lander hits the 

surface at a speed of 1m 

(3.3ft) per second after 

falling towards the surface 

for a few hours. 
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How much it costs 
to land on a comet 


€1.4bn 


Rosetta 
The ESA mission has allowed us to land on the 
surface of a comet for the very first time in human 
history, when its Philae lander touched down on 
Comet 67P/Churyumov-Gerasimenko. 





Which costs the same as... | 


oe om one 
ae ; 


The partially reusable 
low-Earth orbital craft 
Which was paid for by... 


cost €400 million 
($450 million) each. 





European citizens as 
Each person who Seat 
was part of the eo — 
Ree rata "ares? = | 
a small amo 
the mission between €3.50 €8.50 
1996 and 2015, which eee poe 
equates to €0.20 per person ticket to see 


person per year. Mesa 


The Rosetta mission 
team cheer as Philae 
achieves the first- 
ever comet lagding 








“Mass spectrometers on the orbiter and 


lander found many organic molecules 
on 67P, including glycine” 


questions in cometary science. It was then that the 
idea of a comet rendezvous and landing mission 
was first discussed, initially even including a sample 
return (bringing a piece of comet back to Earth). 
When this latter part turned out to be too complex, 
the concept of a combined lander and orbiter 
mfission was born: “If we can't bring the comet into a 
laboratory, we'll bring the laboratory to the comet.” 
Nearly 30 years after the Halley flybys, Rosetta 
atrived at Comet 67P/Churyumov-Gerasimenko in 
2014. In the meantime, various mission concepts 
had been discussed and finally Rosetta was selected: 
the Rosetta orbiter with 12 scientific instruments, 
one of them being the Rosetta lander, Philae. 
Rosetta took ten years of interplanetary cruise, 
three swing-bys of Earth, one swing-by of Mars, two 
asteroid flybys, two-and-a-half years of hibernation 
in deep space (with those working on the mission 
close to having heart attacks when its autonomous 
wake-up from hibernation was slightly delayed), 
and lots of fuel (more than half of Rosetta’s mass 
at launch was fuel) to arrive at the comet. Then the 
real challenge began. Comet approach operations 
began at more than 600 million kilometres (373 
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million miles) from the Sun (four times the distance 
of Earth from the Sun), the largest distance ever (at 
that time) for a solar-powered spacecraft. We were 
faced with the daunting prospect of entering orbit 
around the nucleus of 67P, which has a diameter of 
only about four kilometres (2.5 miles), and prior to 
Rosetta no spacecraft had ever entered orbit around 
an object so small with such low gravity, but Rosetta 
successfully did so in September 2014. 

To be able to land Philae before the comet nucleus 
became too active as it moved closer to the Sun, 
there were only three months between Rosetta 
entering orbit and Philae landing. In that period, a 
complete map of the nucleus had to be taken, the 
gravity field of the nucleus had to be analysed, and 
a suitable landing site on the irregular, duck-shaped 
and overall rough nucleus was found. Philae was 
deployed from Rosetta on 12 November 2014 and 
after an anxious eight-hour wait, it reached the 
surface. Unfortunately, Philae did not remain at its 
intended landing site, but instead bounced twice 
and finally ‘landed’ at (or hit) a dark cliff-edged 
ditch. But it was able to communicate with the 
orbiter and ran a modified version of its three-day 
first science sequence, performing many of its 
planned scientific measurements. 

With the comet becoming more and more active 
with outbursts of gas and dust as its surface heated 
up from sunlight, the gas drag of all the material 
bursting from it disturbed Rosetta’s orbit and the 
force of this drag became comparable to the gravity. 
Rosetta demonstrated that it is possible to navigate 
under those circumstances but had to move to 
higher altitudes of tens of kilometres above the 
surface in order to do so. As the comet got closer 
to perihelion (which is the term used to describe 
the closest point in its orbit to the Sun), which 
took place in August 2015, the star trackers that are 
needed to maintain the orientation of the spacecraft 
started to confuse dust grains emanating from the 
comet with stars. To avoid losing altitude control 
and contact with Earth, Rosetta had to back away, 
staying a few hundred kilometres from the comet. 

Rosetta will end its mission in September 2016 
within a comet environment that has become 
more benign again as it recedes from the Sun. 

After two years of continuous measurements at 

the comet, it is time to look at what was learnt 
about comets and their role in our origins so far. 
Rosetta discovered highly volatile molecules like 
carbon monoxide, oxygen, nitrogen and argon in 
the gas leaving the comet's nucleus. Their presence 
means that the comet must have formed in a cold 
environment in the outer part of the protoplanetary 
disc. Images show that the nucleus is structured, 
showing features on many size scales: it is a binary 
nucleus made of two lobes, connected by a neck-like 
structure. ‘Goosebumps’ with constituents of a few 
metres are present on certain parts of the nucleus, 
and the dust coma shows a significant contribution 
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Ejected dust and high porosity 
The nucleus and ejected dust consist of mostly 
porous material, an indication of low-speed accretion. 


This suggests comets didn't form during the rapid Comet 67P is covered in goosebumps 

Du RRR i heal es) a Lumps and bumps, measuring 1m (3.3ft) in size, are 
me ee ae tel Ela ele ie clustered on the surface, giving it a rough texture that 
rol le Te R UMUC BSE Ue has been observed in numerous pits and exposed 
MA ere a iM E LEH REN (eel BeresliCeya Rel maa(-Kecl na (-1am a(R. 
Mae eh of the ‘goosebumps’ could be showing 
the typical size of the cometesimals that 
accumulated and merged, made visible 
again today through erosion. 
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Elevated areas 
Bumps and higher regions on the surface of the 
comet, or spherical caps on the Bastet region 

on the smaller comet lobe, suggests 

that they are the remnants of smaller 
cometesimals, which built up Comet 67P 
and have been partially preserved today. 


Comet 67P is rich in 
super-volatiles 

Packed with carbon monoxide, 
oxygen, nitrogen and argon gases, 
WaT M0 24242 MO | MO) LS 
made at low temperatures. It also 
hints at there being no thermal 
processing brought about by heat 
from radioactive decay. To explain 
the retention of the super-volatiles, 
they must have accumulated 
Ho AON elmr- dali (ers LMS 
period in the colder, outer parts of 
the solar nebula. 


Wi ilateters | om aloe oyeel 
altered by liquid water 

The composition of Comet 67P 
hasn't been affected by any water 
according to spectral analysis 

of the object, also implying that 
significant heating by radioactive 
decay did not take place. 
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Low strength 

Comet 67P's low density, high porosity 
and generally weak strength could reflect 
the properties of early cometesimals 

that make up the object's surface. The high porosity 


indicates that the accumulation couldn't have been - Two lobes 
made by violent collisions since the fragile material The comet's head and body were 


A lot of layering 

An extensive amount of layering suggests 
that 67P’s lobes built up gently over a 
long period of time before they merged. 





originally separate objects, however, the 
collision that merged them must have 


would have been compacted. 


been at a low speed, leaving both parts intact. Similar 
properties suggest that they must have undergone 
similar evolutionary histories. 
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of centimetere-sized grains and boulders, while 
both lobes appear layered. It is not yet clear which 
of those features are primordial remnants of comet 
formation and which are evolutionary. 

Many properties of 67P suggest that it formed 
in its current shape in the protoplanetary disc and 
that it is not the result of an aggressive collision in 
the outer solar nebula, from which our Solar System 
formed. Its very low density (535 kilograms per 
cubic metre, or 33.4 pounds per cubic foot, which 
is slightly more than half the density of water) 
and correspondingly high porosity (how much of 
its interior is empty space) is different from most 
objects in the comet reservoirs of the outer Solar 
System. The origin of the binary structure is most 
likely from a collision of the two lobes, where to 
preserve them, the impact must have been very 
slow, not more than several metres per second. 
Such a slow collision is typical of the conditions in 
the protoplanetary disc, but not in the outer Solar 
System after planet formation. Finally, processing in 
the outer Solar System would have resulted in loss 
of most of the super-volatile species found in 67P. 

Measurements show a ratio between ‘heavy 
water’ (water that contains a deuterium atom and 
a hydrogen atom, instead of two hydrogen atoms) 
and ‘normal’ water (H,O) in Comet 67P that is three- 
to-four-times higher than the corresponding ratio 
on Earth. This suggests that comets like 67P are 
not the source of our oceans. However, a few years 
ago the Herschel Space Observatory measured the 


pre 


A regional map of Comet 
67P from different angles 


“Asteroids may play a larger role than 


comets in the delivery of water to 


iT | 


Earth [from space] 


ratio in comet Hartley 2 during a close approach to 
Earth, and in that case it is indistinguishable from 
ocean water. Since the ratio between deuterium and 
hydrogen reflects the conditions of the formation 
and early evolution of a comet, the conclusion is that 
not all so-called Jupiter-family comets (comets like 
67P and Hartley 2 whose orbits are controlled by 
Jupiter after entering the inner Solar System) formed 
from the same material. Asteroids may play a larger 
role than comets in the delivery of water to Earth. 
Mass spectrometers on both the orbiter and 
the lander found many organic molecules on 67P, 
including glycine, which is the simplest amino 
acid. No evidence for past or current presence of 
liquid water on the comet was found. Those results 
suggest that some of the organic molecules that 
were required to form life may have been brought 
from space. More complex compounds like larger 
amino acids could then have formed on Earth in the 
presence of liquid water. Images and spectra show 
that cometary activity is present on large parts of the 
nucleus and mostly driven by solar input, indicating 
that much of the sublimation is happening close 
to the surface. Much of the dust release is in large 


particles, many of them fluffy. Those particles may 
be relatively easy to lift off if they are on the surface 
of the nucleus. Whether the strength of the dust 

is indeed low enough to be lifted by gas pressure 
alone, or if an additional, not yet found, process is 
needed, remains to be investigated. Towards the end 
of the mission, Rosetta is now getting closer to the 
comet than ever before, taking some of its highest 
resolution images. Those may provide additional 
clues about the mystery of cometary activity. 

It's now time to say goodbye to Rosetta. After 
more than two years at the comet, having already 
revolutionised cometary science, Rosetta, travelling 
with 67P, is now far from the Sun and solar power is 
becoming scarce. The mission will end with a bang: 
at the end of September 2016 Rosetta will follow 
Philae to land on the comet. However, not being 
built for landing, it will lose contact with Earth and 
we will never hear from it again. 

So what's next in cometary exploration? With 
Rosetta shortly coming to an end, will some 
visionaries stand up and design the next big 
mission, taking place decades from now? Only time 
select 
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Future Tech Distant target analysis 


When it comes to protecting Earth from impacts, it is crucial to know | 
What asteroids are made of. NASA is working on a device to find out 








TT 
Hetty ht 4 
thin, 44 


— 


+ 
ny 
f 
aM 
fi) 
1 


aE Se lie\y 


+2, 
Sige — 
Co 





















a a 
/ =) 


—s 
a eee see ee eee 
== a, b 5 ——_— =. 
—_ a ie . — 
= ; =, Eig, any 
so a =S=— = 
es, 
fag” > = 


= 
ey. 


* i : 
a's f 
4 , 
SESS, 1 ly 4 | aie 
Cees vs 1 i & | The mission would use a 
| SENSSS Ul G4 ma group of lasers, individually 
SSSI SS, * 9G . of quite low power, that can 
SSSSSANS on “a 
SSTSSSOS $ 40% | — work together to create a 
‘SITES rea. 444% small heated spot on the 
a. YN ger | surface of the object. 
a a = 
a 
= 
a 
a 










BE SEER RGneS 
a, 
pel ay : 
ate wan aEe 
af 4 
tei? aus 
ett ay 


- 
if 


te 


ua f Shee 
SURSRUUGE ERUDGREEEE 


$24 


8, 


#, 


1 : 


Le 


t. BannoR 





te 







Wy 
Ff 





424% 

ANA NAAN VOR, 

Wniiie i SS 

Mune. ih, Se 
‘ 


SS 


— 
ES 


<< 
BS 

~ <= as 
— a eee 

a, 


Wn 
wate Shae a 


Ss, sSsss=ss5 


RS 


sw. 









! 












Spacecraft 
The main structure of the mt mo 
.spacecraft could be based Saini 
ama 
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upon existing Earth satellite 
or space probe designs - just 
like Venus Express used the 
same design as Mars Express. 






® Solar panels 
These collect sunlight 
and turn it into electricity 
to power the spacecraft 
systems, including the lasers. 
The panels and lasers are 
effectively focusing the 
sunlight electrically. 


www.spaceanswers.com 


26 





Molecular cloud ® 

The vaporised material forms 
a cloud of gas between the 
spacecraft and the heated 
spot on the surface. The craft 
will then selectively absorb 
light from the spot. 


») Asteroid 
Huge numbers of 
asteroids float around 
the Solar System. 





© Returning light 
Light emitted from the hot 
ole) mMe)sman(-B0lar-(e-R || Mey-) 
collected by telescopes on 


Ra (=)c=e ole) 
The lasers focus 
energy on a spot only 
10cm (4in) across, 
heating it to around 
2,000°C (3,600°F). 
This would vaporise 
the surface material. 


They are largely either 
stony or metallic, while 
comets are made up of 
a mix of ices. 


the craft. The light can then 
be analysed to see what 
material it is shining through. 





~) Absorption spectra 
The heated spot will 
radiate colours that are 
characteristic of the 
material being heated, and 
the gas cloud will block 
certain colours depending’ 
on its composition. 
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Distant target analysis 





The Solar System is filled with small cold asteroids 
and comets, all whizzing around in varying orbits. 
They represent both a threat to us, as demonstrated 
by the Chelyabinsk meteor in 2013, and an 
opportunity for in-space mining. But if we are to 
deflect or exploit these bodies, we need to know 
what they are made of and, ideally, without having to 
go to the trouble of landing on them all. Fortunately, 
Dr Gary Hughes of California Polytechnic State 
University has a solution to this problem, and he has 
just received funding from NASA to work on it. 

We can actually tell the composition of stars over 
tremendous distances because they are hot bodies 
emitting light, and we can analyse this light with a 
technique called spectroscopy. If you let sunlight fall 
on a prism you'll see a rainbow split out of the white 
light, but more careful study will reveal dark lines 
cutting through the colours at various points. This 
is because the matter the light is shining through 
absorbs characteristic wavelengths of light, leading 
to the gaps; helium was actually found in the Sun 
this way before it was identified on Earth. But the 
small objects NASA are interested in interrogating are 
cold and only reflect light rather than emit it, so to 
counter this they are going to zap them with a laser! 

Lasers are not the blasters we think we know 
from science fiction though; a laser is a specialised 
light source that produces something called 
coherent light. Different colours are actually different 
wavelengths of the electromagnetic waves we see 
as light; conventional white lighting produces a mix 
of colours all spreading out in different directions. 
Coherent laser light is composed of just one pure 
colour/wavelength, and all the peaks and troughs of 
the electromagnetic waves are lined up and travelling 
in a parallel and directed beam. This is how laser 
light can be shone at great distances (it is regularly 
bounced off the Moon to measure its orbit), how it 
can transmit data, or can be brought to a sharp focal 
point to cut through material. 

In the new mission, solar panels will produce 
electricity to power an array of lasers, which can be 
focused together to heat a small spot on the asteroid 
or comet's surface. This will heat up the spot so that 
it vaporises the surface material and glows white hot, 
similar to a huge solar-electric version of burning 
something with a magnifying glass. This will result 
in a sample of the asteroid material forming a cloud 
of gas in front of the bright light emitting from the 
heated spot on the surface. As a result, telescopes on 
the craft will be able to collect the light from the spot 
and see what elements in the cloud are blocking out 
light. This process could be repeated on the same 
spot to gradually measure how the composition 
changes with depth, or on multiple spots to create a 
surface composition map of the whole asteroid. 

The initial project is to carry out more research 
into the distant laser technique, produce a design 
concept, and to create a hypothetical mission plan 
for sampling a near-Earth asteroid. It may be some 
time before such a mission takes flight, but it builds 
on proven technologies and would be invaluable 
in assessing the threat and value of comets and 
asteroids. Indeed, larger versions could be used to 
protect Earth, not by destroying an asteroid on a 
collision course, but by producing thrust from the 
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_ Welcome to Proxima b - the newly-discovered 
planet right on our cosmic doorstep 


Written by Giles Sparrow 
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The Earth next door 


An artist’s impression depicts 
the view from the planet's 
surface, with Proxima 
Centauri hanging above the 
horizon and the more distant 
Alpha Centauri pair nearby 





A little over four light years from where you're 
sitting, there's another Earth - a little larger and more 
massive than our own. Despite a feeble parent star 
that shines far more faintly than the Sun, this world 
orbits so close that it basks in warmth that could 
potentially allow water on its surface. A pair of twin 
stars, far brighter than any in Earth's skies, linger 
close to the red sun of this strange new world, but its 
constellations are otherwise similar to our own. 

Announced amid a flurry of scientific papers 
in August 2016, the astonishing discovery, known 
as Proxima Centauri b, has excited astronomers 
around the world. In a time when the discovery 
of new exoplanets has become almost routine, 
with powerful telescopes and satellites promising 
to find worlds increasingly like our own, its still a 
shock to find perhaps the most Earth-like planet 
so far in the stellar system next door. As its name 
suggests, Proxima Centauri is the closest star in the 
constellation of Centaurus - and in the entire sky. 
Yet despite being only 4.24 light years away, it is so 
faint that it was only discovered in 1915. Its brighter 
neighbours, Alpha Centauri A and B, lie about 0.25 
light years away from Proxima and are two of the 
brightest stars in Earth's skies - Proxima is probably 
in orbit around them, but at such a distance that it 
takes 500,000 years to complete one orbit. 

With less than 1/500th of the Sun’s intrinsic 
brightness, Proxima is our closest example of a red 
dwarf - a low-mass object that accounts for the 
majority of stars in our galaxy. So despite Proxima’'s 
closeness to Earth, its faintness and the variability 
that comes with it proved to be the greatest 
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of Proxima Centauri b 
hints at the possibility 
that water could be 
stable on the surface 





~— “Proxima b receives 30 


times more extreme UV 
radiation than Earth and 
250 times more X-rays’ 


cle | 
challenges in identifying the planet in orbit around 
it. Dr Guillem Anglada-Escudé of Queen Mary, 
University of London, recalls the project’s origins: 
“Around 2012-2013, we developed some new data 
analysis tools that provided a higher sensitivity to 
smaller planets, especially around low-mass stars like 
Proxima. I work mostly on measuring more precisely, 
and my colleague Mikko Tuomi [at the University 
of Hertfordshire] developed this method to pull out 
small signals. Stars can vary for a number of reasons, 
so signals don't always mean planets.” 

So just what kind of signals were they looking for? 
“We don't see the planet itself,” explains Dr Anglada- 
Escudeé. “What we do is look at the star, and if there's 
a planet orbiting it, that planet pulls on the star. The 
star is much more massive than the planet, but this 
gravitational pull is periodic, matching the orbital 
period of the planet. What you do is look at the star, 
and measure how the star is moving. If the planet is 
going around it, then the star moves back and forth. 
The actual measurement is of the Doppler effect: you 
look at the wavelengths of light coming from the 
Star - if the star comes towards you it gets shifted 


to blue wavelengths, and if it's going away it is red 
shifted.” This principle, known as the ‘radial velocity’ 
technique as it focuses on the star's motion in a radial 
direction (towards or away from Earth), is the same 
one that was used in 1995 to detect the first planet 
orbiting a Sun-like star, and it's been responsible for 
many more discoveries since. But so far, most of 
these have been high-mass planets orbiting brighter 
stars. That's for two reasons: first, the heavier the 
planet, the greater the wobble it produces in the star. 
Second, measuring Doppler shifts in starlight requires 
spreading it out into a rainbow-like spectrum - small, 
faint stars like most red dwarfs simply don't produce 
enough light to split up in this way. 

“The bottom line is that it's easier to find small 
planets if you look at small stars,” says Dr Anglada- 
Escudeé. “But low-mass stars are usually faint, so 
it's difficult to look at their spectra systematically 
without a lot of telescope time. That’s why Proxima is 
such a good target - it's so close that it’s still relatively 
bright for a star of its type.” But to detect an Earth- 
like planet, the measurements have to be incredibly 
precise, and the change in speed is just one metre 
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How close is the 
Alpha Centauri 
system? ~— 
Our nearest neighbours in space 


form a triple star system whose other 
members dwarf Proxima Centaur 
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Alpha Centauri A 7 , | 
Mass: 1.10 Suns 

Radius: 1.23 Suns 
Type of star: G2V 

yellow dwarf 

With slightly more 


mass than our own 
Sun, Alpha Centauri 
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The Sun 

Mass: 330,000 Earths 
Radius: 109 Earths 
Type of star: G2V 


yellow dwarf 

The Sun is a middle- 
aged star whose mass 
is tiny compared to the 
galaxy's heaviest stars. 


A shines 50 per cent 
more brightly and is 
somewhat larger. 





Highlighted against the crowded southern Milky 
Way Galaxy, Proxima Centauri (circled) is a 

VOM AME VOM lee MeN Te VelMeeenle lee emOMcmeednlioe 
neighbours Alpha Centauri A and B (top of image) 
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The Earth next door 


(3.3 feet) per second. Getting that accuracy relies 
on a highly stabilised instrument and some clever 
calibration, and Dr Anglada-Escudé's team relied on 
HARPS - the High Accuracy Radial velocity Planet 
Searcher - an instrument built by a team including 
Dr Christophe Lovis at the University of Geneva. 
“HARPS is a high-resolution spectrograph that was 
designed with a visionary goal of reaching a radial 
velocity precision of one metre [3.3 feet] per second,” 
says Dr Lovis. “As far as I'm concerned, I have been 
maintaining and developing the data reduction 
software Over many years, providing HARPS users 
with ready-to-use radial velocities at high precision, 
although Dr Anglada-Escudé has also developed 
new tools. But data reduction is only one aspect. 
The secret to that precision is careful designing, 
understanding and monitoring of the instrument, 
and my colleague Francesco Pepe is a key actor here.” 
HARPS has been operational on the European 
Southern Observatory's (ESO's) 3.6-metre (11.8-foot) 
telescope at La Silla in Chile since 2003, and has 
been continually improved and modified over the 
years. “We should also emphasise the role of the 
people who have started the observations of M dwarf 
stars such as Proxima, and shown that HARPS is able 
to find very small planets orbiting those, including 


habitable ones,” adds Lovis. “Xavier Bonfils from the 
University of Grenoble, France, has been leading 
this effort, and in 2013 reported no detection of 
exoplanets around Proxima down to three Earth 
masses.” In fact, those same observations provided 
some of the first data that Dr Anglada-Escudé and 
his colleagues used to test their new techniques: 
“We started to work systematically on objects that 
had been observed with HARPS and found some 
unreported planets. Proxima was in that sample, and 
SO we paid a bit more attention to that. Analysing the 
data from HARPS and combining 
m® it with data from earlier UVES 
observations [a spectrograph 
on the Very Large Telescope 
at Paranal, Chile] we could 
see that there was a very 
strong, significant signal.” 


Dr Anglada-Escudé and his team then devised an 
observing plan to strengthen their case. “When you 
find something from new data analysis you're always 
sceptical. So we kept looking and had a campaign to 
look at planets with short periods around Proxima 
and a few more stars,” explains Dr Anglada-Escudé. 
“Proxima kept showing the same signal, but we 
couldn't tell the exact period, so we proposed the 
‘Pale Red Dot’ campaign. We looked at the star for 60 
nights in a row for 20 minutes per night - it's not that 
much telescope time, but every day we were building 
up a uniform sample and even after a few weeks we 
could see the cycle going up and down with spot-on 
the same period we suspected from the data.” 

Alongside the HARPS studies, the Pale Red Dot 
team recruited a number of other telescopes to make 
complementary observations. As Dr Anglada-Escudé 
explains, telescope time on HARPS is very expensive: 


"HARPS is able to find ver 
small planets orbiting 
dwart stars such as 


Proxima’ 


How the new Earth was found 
Discovering Proxima’s planet required detailed 
observations with an advanced spectroscope, combined 
with back-up studies to eliminate other possibilities 
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® Very Large Telescope 
Aperture: Four 8.2m (27ft) telescopes 
Height: 2,635m (8,645ft) 
Type of telescope: Reflecting array linked by interferometer 
Notable instruments: Ultraviolet and Visual Echelle 
Spectrograph (UVES) 
Location: Cerro Paranal, Chile 


In 2008, Michael Endl and Martin Kirster used the VLT's 
UVES in a search for planets around Proxima, which proved 
inconclusive. Slight changes in the star's velocity did not 
appear to be completely random, but did not show the kind of 
regular cycle that a planet could cause. The Pale Red Dot team 
re-analysed the data and found it supported their discovery. 


Planet detection method: Direct imaging 
So far Proxima b has not been seen directly, but the VLT is one 
of several giant telescopes that could view it in the future. 





La Silla ESO 3.6m telescope ® 
Aperture: 3.6m (11.8ft) 
Height: 2,400m (7,874 ft) 
Type of telescope: Single reflector | 


Notable instruments: High Accuracy Radial Velocity 


Planet Searcher (HARPS) 
Location: La Silla, Chile © 


HARPS provided the crucial data for the discovery ~ 
| 
| 


of Proxima b. The highest-precision instrument of its 
kind, it uses optical fibres that combine light from the 
telescope image with that from a thorium ‘reference 


source’ lamp. The light is split by an echelle into a 


widely dispersed spectrum, with the precise spectral 


lines of the reference source helping to calibrate 


the lines in the starlight. This allows astronomers to 


detect red and blue shifts down to 1m/s (3.3ft/s). 
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The Earth next door 


“It was pretty clear that we were only going to do the 
experiment once, so at the same time we wanted 
to measure how the star changes. For instance, if 
the star has spots then it can cause spurious shifts.” 
This was the role of three photometric telescopes, 
which measure stellar brightness with great accuracy. 
Despite their size, dwarf stars can generate similar 
levels of sunspot and flare activity to larger stars. And 
so ruling out the possibility that apparent changes to 
radial velocity were due to flares or spots on Proxima 
Was an important step in confirming the discovery: 
“When you put all the data together the signal really 
is beyond doubt. We've found evidence of a planet 
with a period of 11.2 days and a minimum mass of 1.3 
Earths,” concludes Dr Anglada-Escudé. 
However, the Doppler effect measures radial 
motion across the line of sight, so if the planet's 
orbit is highly tilted, a large part of its gravitational 
influence could pull the star in other, undetectable 
directions. That’s why exoplanet discoveries typically 
give a minimum rather than a precise mass. But can 
we make any further assumptions in this case? “If 
you make a straight statistical argument, the most The control room of the ESO 3.6m 
likely mass is around 1.7 Earth masses,” Dr Anglada- Eee ed Sub ECan where 
Escudé explains, “but we think it’s probably closer to pi neiee a pet oe eM 
~ check the quality of the data collected 
that minimum mass. If we look at data from Kepler 








Exoplanet discoveries with 
the radial velocity method 


Planet detection method: Radial velocity 


Spectral lines Red shift i. 
Dark lines caused by chemical activity in the The ‘stretching’ of light rays from the star's " The way a planet tugs on its star has enabled a 
star's atmosphere allow astronomers to pinpoint SMa eRe Cece el setr A -Ce Ral ims sania gaggle of alien worlds to be found 
specific wavelengths in the spectrum of its light. towards the red (longer-wavelength) end. . 51Pe ga sib 
oS » Orbital period: 4.23 days 


Mass: 0.5 Jupiters 

Type of planet: Gas giant 
The first planet discovered 
orbiting a Sun-like star in 1995 





—" 
oa J HD 209458 b 
Ze . Orbital period: 3.52 days 
—_—— ZB, Mass: 0.7 Jupiters 
an vs : Type of planet: Gas giant 
—— ae GZ Discovered using radial velocity, it 
Wobble effect Moving EEN rey was later found to transit its star 
A star and its planet both orbit around their As the planet moves towards Earth, the star's y : ; 
shared centre of mass. Usually this is deep wobble causes it to move away. Epsilon Eridani b 
within the star itself, but not quite at its centre. iG! . , Orbital period: c.2,500 days 
As aresult, the star wobbles back and forth. Coming in our direction Mass: 1.6 Jupiters 


Type of planet: Gas giant 
y First suspected in the 1990s, its 
orbit overlaps an asteroid belt 


As the planet moves away from 
Earth, the star moves towards us. 
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i Orbital period: 18 hours 

3 ae Mass: 3.8 Jupiters (8 Earths) 
ae & _ Type of planet: Super-Earth 

' ) This was one of the first ‘Super- 
Earths’ to be found 


lota Draconis b 
Orbital period: 511 days 
Mass: 8.8 Jupiters 
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Normality resumed BIS aTIaE 


; ee Type of planet: Gas giant 
When the planet and star are moving ‘Compression’ of the starlight arriving at Earth reat EAL sat A 
perpendicular to Earth, the radial motion shifts the lines in its spectrum slightly towards ci 
orbiting an aging giant star 
disappears and the spectrum returns to normal. the shorter, bluer wavelengths. 
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we find that the smallest stars seem to have smaller 
planets. So we tend to think it’s probably less than 1.5 
Earth masses, and 1.2 to 1.3 Earth radii at most.” 

If the planet transits across its star in the same 
way as those found by Kepler, then we could learn 
a lot more about it, pinning down its orbital tilt, 
mass, size and density. Here, the Pale Red Dot team 
has been working with colleagues using Canada's 
Microvariability and Oscillation of Stars telescope, 
observing Proxima continuously over 43.4 days, split 
over two stints of observation. “Nothing in our data 
suggests Proxima b is a red herring, but the star flares 
almost constantly at the level of the transit signal we 
seek, and that’s been a major obstacle in our analysis, 
says David Kipping of Columbia University. “We hope 
to complete the analysis in the coming weeks and we 
can't wait to see if Proxima b transits.” 

Even without the additional data from transits, 
however, the Pale Red Dot team have calculated the 
average amount of radiation received by the planet, 
and have shown that, in principle, it lies within the 
"habitable zone” - where temperatures would allow 
liquid water on the surface (thought to be key for 
life). “As Proxima is a much smaller star, the habitable 
zone is much closer in,” says Dr Anglada-Escudeé. “It 
corresponds to orbits between around 8-9 days and 
30 days, so we have a roughly Earth-mass planet 
that’s well-placed in the habitable zone of its solar 
system, at least from a thermal point of view." 

But at such close range, the star's flaring activity 
could present unusual hazards. In order to get 
a better idea of Proxima b’s potential for life, Dr 
Anglada-Escudé's team contacted specialist Emeline 
Bolmont of the University of Namur, Belgium. “We 
investigated a number of factors relating to the 
planet's potential habitability,” says Bolmont. “We 
estimated that Proxima b receives 30 times more UV 
radiation than Earth and 250 times more X-rays. Its 
obliquity [the tilt of its axis relative to the plane of its 
orbit, affecting whether it has seasons] is likely null, 
while its spin is either synchronous or in a 3:2 spin- 
orbit resonance.” Bolmont continues, “Despite high 
levels of stellar activity, Proxima b is likely to have 
lost less than an Earth ocean's worth of hydrogen 
in its early formation. The largest uncertainty is the 
initial water budget and the loss of the potential 
background nitrogen/carbon dioxide atmosphere, but 
Proxima b is a viable candidate for a habitable planet.” 

So what's next? A first step would be to confirm 
whether the planet is transiting. “As well as revealing 
the density of the planet, it could provide information 
about the atmosphere,” says Dr Anglada-Escudé. 
There's also the question of whether Proxima has any 
other planets and, of course, the challenge of imaging 
the 'Pale Red Dot' directly. This might have to wait 
until the European Extremely Large Telescope - a 
39,3-metre (129.3-foot) behemoth under construction 
in the Atacama Desert in Chile - is completed in 
2024, but it's possible that someone might find a way 
to view it earlier. Beyond that, Proxima is so close 
that it might be possible to send a tiny, laser-powered 
Space probe on a high-speed flyby - ‘Breakthrough 
Starshot' was recently proposed by Stephen Hawking 
and others in April 2016. Whatever happens next, one 
thing is for sure: now Proxima b's existence has gone 
public, it will be a key target for exoplanet research in 
the future. And we can't wait to find out more! 
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M type (e.g. Proxima Centauri) 


® Rocky planets; hot Jupiters 


K——¥+| 
a) CPicls) 
0.14Suns million km 


3,000°C c. 0.005 Suns 





Habitable Zone 


Proxima’s habitable zone is much 


closer in than that of our own Solar Proxima b orbit 


© ESO; M. Kornmesser; Digitized Sky Survey 2; A. Santerne; NASA;.ESA; G. Bacon 


System, but the new planet's 11.2- ae 
day orbit lies comfortably within it / ‘ Proxima Centauri . 
a) a ee ee Re ee ee ee ee 

| tl 
| I 
| | 
lela) ; 

1 i 

4 Li 

1 ae 

L ri 

i fl 
i ti 
‘ f 
\ ri 
1 rl 
x ‘) 
3 f 
ict rod 
i” oa 
i Pd 
oe | Mercury's Py 
Me ese) 0 
a _-” WWwW.Spaceanswers.com 


Cy = 
Slt ~ aa 
= a a 
ee ee 


Planet Earth Education 


Why study Astronomy? 
How does Astronomy affect our everyday life? 
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e The Sun provides our energy to live and is used for timekeeping. 

e The Moon causes eclipses whilst its phasing determines the date for Easter Sunday. 
e Constellations can be used for navigation. 

e Astronomy is one of the oldest sciences. 


Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who 1s readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 
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An interview with... 


Chris Hadfield 


The first Canadian to walk in space tells us about his life in Earth orbit, the future of 
manned space exploration and why he broke into a space station with an army knife 


Interviewed by Rafael Maceira Garcia 


Your Space Oddity cover of David Bowie's song has 
over 32 million views on YouTube! Tell me a little 
bit about how you got into that... 

That’s 32 million just on YouTube. It's got hundreds 
of millions of views. So I've been a musician my 
whole life. I wrote and recorded a whole album 

on the International Space Station (ISS), and when 
people knew that there was a musician writing and 
recording on the ISS, a lot of people asked me to 
cover Space Oddity. I had never played Bowie before. 
He is a tremendous artist, an original singer, but my 
son Evan, who was helping me with social media, 
said: “Youre not doing it for you. You're doing it for 
everybody else. Just sing the song!" So | did. 

When I sang his song up there it sort of soaked up 
the feeling of where I was somehow. It got into my 
voice, which I wasn't expecting to hear. He wrote that 
song in 1968 before humans walked on the Moon, 
so he was just guessing, but he had such a vivid 
imagination and a huge fascination with space and 
he really got it right. So when I sang it up there it 
was much more evocative and haunting in my voice, 
which surprised me. We had to get permission from 


“Here is the ISS, a bi 


Bowie of course, but he loved it. He said it was the 
most poignant version of the song ever done, which 
is pretty high praise. It had a huge response, which 
Was great because I think it allows people to see 
what it’s really like to be a human up there. We're not 
robots. We're just people living in a very remote place 
in an entirely new set of circumstances. 


You have also published the photography book 
You Are Here: Around The World In 92 Minutes. 
Could you take our readers to see the Cupola of 
the ISS through your eyes? 

It is my favourite place on board the ISS because 
most windows are flat, so you can't really see off to 
the sides, but the Cupola window bulges out. It has 
Six windows around the side and then a big window 
in the front so you can see where youTe going, where 
you've been and also straight down. When you enter 
the Cupola your feet are sticking straight up, but as 
you pull yourself down, youre pulling yourself down 
towards the Earth and suddenly it feels like you're 
pulling yourself up. As if the world is above you. 

It’s a strange feeling, but then you peer around and 


busy metal 


laboratory, and suddenly you are in this 
bulging eyeball looking at the Earth" 


Spacewalks are high- 

ots MoU Nee Recr TA IALS) 
perform maintenance and 
repairs on the space station 
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you can see the 360 degrees of the horizon all the 
way around you and you can see for thousands of 
kilometres. So it’s as if you somehow entered another 
world. It’s like here is the ISS, a big busy metal 
laboratory, and suddenly you are in this bulging 
eyeball looking at the Earth. That's where almost all 
the pictures were taken as you can really see Earth 
much more clearly. 


And you broke into a space station with a Swiss 
army knife... 

My first flight was to help build the predecessor 

to the ISS, the Russian space station Mir, which 
means ‘peace’ and ‘the world’ in Russian. I helped 

to build Mir on my first spaceflight and we brought 
up the big module with the American Space Shuttle 
Atlantis. When we docked and opened the hatch, 
we found that a Russian technician had strapped it 
all down with heavy wires and I couldn't get all the 
stuff undone, so I used my Swiss army knife to cut 
it. Suddenly I realised just how comical that was; I 
was breaking into the Mir with my knife, so I turned 
around and floated the knife at the camera because 
I knew how funny it was. If you go to the Victorinox 
Museum in Brunnen, Switzerland, they show that 
little movie because it was a funny moment. 


What did it take for the kid that was raised on a 
farm to go to space? 
I think it's important to remember that when I first 
dreamed and then decided to become an astronaut, 
it wasn't hard - it was impossible. There were no 
Canadian astronauts; they didn't exist. We didn't even 
have a space agency. So I think a lot of people see the 
obstacle but not the change necessary and they give 
up early because they say: “Oh! It's not the way it is 
right now so therefore what is the point in trying?” 
But I was lucky enough to see the first people walk 
on the Moon. On that morning it was impossible 
to walk on the Moon and yet by that night Neil 
[Armstrong] and Buzz [Aldrin] had put footprints 
on the Moon. I realised as a nine-year-old boy that 
impossible things happen as a result of an enormous 
amount of work over a long period of time. That's 
What gave me permission to think I could be an 
astronaut. I didn’t know how to become an astronaut 
but I knew I needed to keep my body in shape. I 
needed to go to university and learn how to scuba 
dive. I needed to learn other languages and learn 
to fly. I knew there were things I needed to change 
about myself and then maybe someday Canada 
would have astronauts. I think the big discriminator 
was that I incrementally and tenaciously changed 
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who I was, so that when Canada finally did say, “Hey 
we're looking for astronauts,” I could stick my hand 
up higher than anybody else, and that's the lesson. 
People give up because it doesn't look very probable, 
not realising that things always change and it's only 
through long evolution of yourself that maybe you'll 
change yourself into something that you want to be. 


When you were in the military, you became a test 
pilot and flew several experimental planes. How 
does it compare to flying aboard a Space Shuttle? 

I first learned to fly a glider - a little airplane with no 
engine - where you get towed up by another airplane. 
Then I learned to fly other gliders. Then airplanes 
with engines. Then more complicated airplanes with 
engines. I joined the Air Force and learned to fly jet 
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INTERVIEW BIO 
Chris Hadfield 


Now a retired astronaut, 
Hadfield became the first 
Canadian to walk in space 
when he helped to install 

the Canadarm2 on the 
International Space Station. 
Accepted into the Canadian 
astronaut programme by 
the Canadian Space Agency 
in 1992, Hadfield became 
the commander of the ISS in 
2013 and gained popularity 
by playing guitar in space. 


“When there is no 


gravity, everything feels 
like it's being pulled 
up towards the ceiling 


by invisible strings. It 


engine airplanes and fighters and became an F-18 
pilot. Then I went to test pilot school where I flew 32 
types of airplanes in one year, everything from great 
big 747s and Cl4l1s right down to one-seat fighters. 

After a while as a pilot you start to see what's 
common about all airplanes and the differences 
become smaller. It’s like a car; the first time you learn 
to drive you learn how to drive that car. Then you 
get another car and everything is in a different place, 
but once you've driven 50 cars, yes a few things are 
different, but it’s just a car. In a spaceship I wasn't the 
commander of the Space Shuttle, but I know how to 
fly it and I trained in the simulator a lot. The Space 
Shuttle was the most complicated flying machine 
ever built. It had to be a rocket ship, a space station, 
an airplane, a glider... so it was a very complicated 


feels like magic” 


vehicle to fly. Then I was the pilot of the Russian 
Soyuz craft, and it’s a whole different type of vehicle 
but fundamentally a lot of the things are the same. 
There’s some sort of interface of control, a display and 
the ability to move your vehicle in three dimensions, 
and you have to do all of those things safely and 
repeatedly well. I think that progression from gliders 
all the way up to spaceships is the only way to really 
be competent enough to fly a spacecraft. 


How did it feel the first time you felt zero gravity? 
There's no way to simulate weightlessness properly 
on Earth and I learned a long time ago that all 
simulators are wrong. You have to remember that as 
a test pilot and as an astronaut. The simulator is just 
a way to get close enough to reality that hopefully 
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Hadfield poses 
with the Canadian 
flag in the Cupola 
module of the ISS 
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The commander of Expedition 35 enjoys a grapefruit on 


board the ISS after a Soyuz TMA-O8M delivery. Fresh 
fruit is a rarity while living in orbit 
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leave Earth permanently” 


you'll be able to deal with it in real life. As when you 
actually get to space and you unstrap from your 
chair and come floating up into weightlessness, it’s 
permanent. It doesn't stop as soon as the airplane 
pulls out or as soon as your feet touch the ground. 

We're so used to being pulled down by gravity that 
it almost feels like you're being pulled up as youTe so 
used to your hair being pushed down on your head. 
You are used to having the spit in your mouth at the 
bottom of your mouth, right? But suddenly when 
there is no gravity, everything feels like it’s being 
pulled up towards the ceiling by invisible strings. It 
feels like an instantaneous magic because suddenly 
you can tumble and float and fly. It’s great! 


You also helped to build the ISS. During your 

next visit to space, on STS-100 in April 2001, you 
became the first Canadian to ever walk in space... 
Yes. Spacewalks are dangerous because youre just 
wearing an inflated cloth suit and so we don't do 
them unless we have to, but sometimes you need 
human interpretation, intuition, adaptability, cunning 
and scheming. You need the human mind out there 
and the dexterity of ten fingers to do the complicated 
things. Try and teach a robot to open a stuck drawer. 
Almost everything on a spacewalk is like a stuck 
drawer. It takes a lot of finesse. So sometimes we 


go on a spacewalk, but because the risk is higher 

we only do it when we have to. During my second 
spaceflight I went on two spacewalks. It's the most 
magnificent experience to be alone in the universe 
with infinite blackness all around you and this big 
silver, white and gold ship that you're helping to 
construct. You're like a little construction ant on the 
outside trying to build this thing. But you're still the 
Same person that you were on Earth two weeks ago. 


Did it change you? 

No. The process is long. It’s not like you have no 
idea what you're doing and suddenly you're doing 

a spacewalk. It's years and years. I trained for 

that spacewalk... no I didn't train, I helped invent 
that spacewalk for four and a half years. That's 
longer than I was at university for, just for that one 
spacewalk. So the complexity is enormous and that 
process changes you. The spacewalk is only a few 
hours; I spent 15 hours outside over two spacewalks. 
So that's a very small fragment of time, but it’s 
incredibly rich and it makes every second worth it. 


I guess it’s very different from the simulation 
during your astronaut training... 

My simulation was good enough that the spacewalk 
felt comfortable and familiar; I knew what I was 
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doing. I felt confident. I knew that no matter what 
went wrong I could deal with it. I was blinded during 
the spacewalk. We had contamination in the suit and 
it blinded both of my eyes for about half an hour. So 
it was pretty unexpected to be outside the spaceship, 
blind and holding on, hoping my vision would clear. 


Were you afraid? 

I wasn't really afraid because it was just that my 

eyes were not working. I could still breathe and hear. 
So I was more worried that we weren't going to get 
the spacewalk done because time is really tight. It's 
like when you get a bug in your eye, or if you get 
shampoo in your eyes so that you can't see in the 
shower, youre not really afraid you're just sort of 
irritated. Fortunately, it eventually cleared and I could 
see again and so we got everything done. 


You are also the first Canadian commander of the 
ISS. How was it being the boss up there? 
When you say that I'm the first Canadian - Iam the 
first Canadian to command a spaceship, but just from 
a personal level it’s the first time it happened to me. 
It's an immense amount of work but, as I'd decided 
to be an astronaut when I was a kid, I felt that at this 
stage of my life I had all of the skills and experiences 
needed to command a spaceship. It was a great thrill 
and a challenge to be the commander of a spaceship. 
There's only one for the world. We have one space 
station for the planet right now; one ISS that we've 
been living on for over 15 years. That's a pretty high 
responsibility because if you make a mistake you 
could ruin the ship or kill everybody or both. You 
make crucial decisions every day. That's just the way 
it is, So you take it very seriously. If you have people 
outside on spacewalks you're extremely vulnerable. 
What if there's a fire or a meteorite hits the ship? 
There are all sorts of what-ifs that are very serious. 
Four days before we came home our ship 
developed a significant ammonia leak. We had to do 
an emergency spacewalk on one day's notice to save 
the ISS or we probably would've had to abandon it. So 
it’s constant very high-stakes, but we were ready. We 
were trained. We visualised all these failures. We'd 
spent a significant amount of our adult lives being 
ready. So we dealt with it and set records for the 
amount of science done in space and, with a healthy 
spaceship, we came home feeling hugely satisfied. 


As part of Expedition 35 you helped to run dozens 
of scientific experiments dealing with the impact 
of low gravity on the body. What did you learn? 
The ISS is just a big laboratory, really. That is its 
purpose. The big difference of this laboratory is it 

has essentially no gravity. Also it's surrounded by 
almost a perfectly pure vacuum and this laboratory 
is above the atmosphere. So those three things let 
you test stuff that you can't test on Earth. Hundreds 
of different things: looking at the universe, looking at 
Earth, looking at what you can do in a vacuum, but 
also when you take away gravity studying how fluid 
works. How does capillary flow work? How do flames 
work? But also changes to the human body. When 
you take away gravity your balance system changes, 
your blood pressure regulation changes as well as 
other subtle things. So we take advantage of the 
environment to run all kinds of experiments and also 
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to test spaceships. How do you make a toilet that will 
work? How do you store food? And we learn about 
how your body evolves and changes. For the medical 
community it is a really interesting laboratory. 


What's your opinion on the current US space 
programme? Can we make it to an asteroid by 
2025 or send a manned mission to Mars? 
We have never been busier in space than we are right 
now. We have permanently had people living in orbit 
since the fall [autumn] of 2000. That's unprecedented 
in human history. 2000 is the date that we, the 15 
leading nations of the world, decided it's time to leave 
Earth permanently. It is a big step. 

On the unmanned side there is tremendous stuff 
happening; just look at what we did around Pluto 
last year. Rosetta will crash down to the comet in 
September, we have a probe coming into orbit around 
Jupiter right now, and we are driving around on Mars. 
Cassini is looking at Saturn and we have hundreds 
of satellites that are constantly giving us capability 
and insight orbiting the Earth and we launch more 


Chris Hadfield 


all the time. We had a close look at every planet in 
the Solar System and we're developing vehicles that 
will take us far beyond the ISS and further into space 
than ever before. So it's a hugely important, busy and 
historic time in space exploration, but it’s difficult as 
very little of it creates profit - it’s almost all research 
but research always has to battle for funding. 

But there are all sorts of interesting developments 
going on: SpaceX has built first-stage rockets that 
are on the verge of becoming reusable. They are 
successfully landing rockets that can be used again 
and that changes how we fly in space. Two US 
companies are about to fly vehicles to take us to 
the ISS, which have been developed differently to 
previous NASA vehicles. That frees up NASA to go 
further, and I think the obvious reality is we will go 
from the ISS to settlement on the Moon to eventual 
settlement on Mars. That's the logical long-term 
inevitability of exploration, but it's going to take time. 
It’s going to go in fits and starts and it will be well 
funded and it will be badly funded. It will have ups 
and downs, like history always does. 


“Were not robots. We'te just people 


living in a very remote place in an 
entirely new set of circumstances 
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The Expedition 35 crew 
members gather in the 
WKibolaboratory aboard 
the ISS. Hadfield is in 
the front centre 
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Fondly known as the ‘Morning Star’ 
and a manifestation of the Roman 
goddess of love, Venus has long 
bewitched us: Its kinship to our 
wotld in size, composition and mass 
created false notions of a paradise 
planet in our imagination. However, 
it is now obvious that Venus is a 
hellish place: almost totally devoid 
of water, with surface temperatures 
over 462 degrees Celsius (863 
degrees Fahrenheit) - hot enough 
to melt lead - and an atmospheric 
pressure 92 times higher than 
Earth's. That's equivalent to living 
under 0.8 kilometres (0.5 miles) of 
ocean on our world. 

Venus’ extremes were endured 
firsthand by four hapless Soviet 
Venera space probes. The first pair 
were crushed 16 kilometres (ten 
miles) above the surface, while the 
others survived only an hour on 
Venus’ arid terrain. In short, Earth's 
twisted sister has the hottest and 
most inhospitable planetary surface 
anywhere in the Solar System. 
Moreover, it lacks many craters older 
than 500 million years, suggesting 
near-constant volcanic resurfacing. 
NASA's Magellan spacecraft 


A once-habitable planet? | 
Venus may have once been 
habitable with oceans. But a 
30 per cent increase in solar 
luminosity evaporated the water 
into the atmosphere. 


A peculiar 
‘day’ and year’ 
Venus revolves 
very slowly ina 
retrograde path. 
Its ‘day’ lasts 
243 Earth days, 
somewhat longer 
than its ‘year’ of 
225 Earth days. 
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Venus has a ‘runaway’ greenhouse 
effect, where the thick atmosphere 
traps thermal radiation, creating 
the hottest planetary surface in 
the Solar System. 


Extreme space objects 





', Most hostile place 
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identified several ‘hotspots’ and 
Europe's Venus Express inferred the 
presence of volcanism as recently 
as many tens of thousands.of years 
ago. But it was not always like this. 

In its infancy, Venus might have 
harboured oceans, but gradual 
changes in solar output probably 
caused its water to evaporate 
into the atmosphere. Increasing 
amounts of water vapour heated 
the planet, precipitating further 
evaporation and kick-starting a 
‘runaway’ greenhouse effect. And 
this greenhouse effect is sustained 
by Venus’ soupy atmosphere: 96 
per cent carbon dioxide, cloaked by 
noxious clouds of sulphuric acid and 
sulphur dioxide. 

All in all, Venus is not the best 
place for humans to inhabit. Unless, 
that is, the focus shifts to the upper 
atmosphere. Some 48 kilometres 
(30 miles) above Venus’ surface, 
temperatures and pressures are 
surprisingly Earth-like - potentially 
Benefiting balloon-borne spacecraft 
- and in the far future this upper 
region of Venus’ atmosphere might 
play host to aerostat habitats or 
floating cities. 


A backwards-rotating world 
| Long ago, Venus’ heavy 
atmosphere may have brought 
its original ‘prograde’ rotation to 
a virtual standstill and induced a 
‘retrograde’ motion. 
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about 60-times 
eke) mada 
rotation rate of 
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Violent polar vortices 
Venus has a powerful vortex 
near its south pole. Each of its 
two ‘eyes’ measures 2,.000km 
(1,240mi) across and changes 
shape every 24 hours. 
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Coldest place in the universe 





Boomerang Nebula | 


James Bond made bow ties look . 

cool, but for the ghostly Boomerang 

Nebula there is no cooler place 

known to humanity. The temperature 

of this protoplanetary cloud of 

gas and dust - located 5,000 light 

years away in Centaurus - has been 

pegged at -272.15 degrees Celsius 

(-457.87 degrees Fahrenheit). Colder 

temperatures have been achieved 

in the lab; but the Boomerang sits 

closer.to absolute zero than any other 

natural place in the known univérse. 
When astronomers at the 

European Southern Observatory 

in Chile méasured its temperature 

in 1995, they realised it is a couple 

of degrees cooler than the cosmic 

microwave background itself - the 

faint ‘afterglow’ of the Big Bang - 
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Boomerang grew so cold. 

The reason lies within a nebula 
that looks nothing like a boomerang. 
When first seen from Earth, it 
appeared to be a curve - hence the ° 
name - but in 1998, Hubble revealed 
an hourglass shape like a bow tie. At 
its core, a dying star pumps out vast 
amounts of gas and dust at 595,450 
kilometres (370,000 miles) per hour 
through cone-like lobes at the poles. 
It is this ‘bipolar outflow’ that triggers 
the Boomerang’s strange shape and 
Soca UN eset (ela | 
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primarily at the poles remains 
unclear, but over the past 1,500 years 
it has shed the equivalent of 1.5 times 
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Rogue black holes 


First considered more than 200 years 
ago, black holes are arguably the most 
exotic objects in the known universe: 
regions of space-time, formed from 
the collapse of massive stars, holding 
such immense gravity that not even 
light can escape. They are virtually 
impossible to directly observe, but 
their presence can be inferred as they 
interact with matter, absorb stars and 
merge with other black holes. 


® Black hole 


An artist's conception of a 
black hole being thrown 
out of the Milky Way 


Complicating this picture are ‘rogue’ 
black holes, thought to arise from 
these mergers. In September 2015, 
astronomers made the first direct 
observation of gravitational waves 
- ripples in the fabric of space-time - 
possibly generated by a merger of two 
black holes in the Southern Celestial 
Hemisphere. A second such event was 
announced in June 2016. It is plausible 
that hundreds of violently merged 


black holes could hurtle through the 
universe at up to 4,023 kilometres 
(2,500 miles) every second. 

Our galaxy may have arisen from 
the merger of several smaller ones, 
each with a black hole at their core. 
These later merged into a single, 
supermassive black hole of 4.3 million 
solar masses at the Milky Way's heart, 
but up to 2,000 others could lurk in 
its outermost gaseous halo. These 
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Boomerang 
Nebula 
Temperature: 
-272.15°C 
(-457.87°F) 





offer fossil evidence of a primordial 
time, long before the Milky Way in its 
present form came to be. 

Do we need to obsessively worry 
about these rogue black holes as we 
go about our daily lives? Probably not. 
Unless a rogue black hole suddenly 
ploughs into the Oort Cloud - the mass 
of cometary material at edge of the 
Solar System - it's unlikely that we 
would suffer any ill-effects. 
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Magnetars ; -_ 


If neutron stars are hellish, fast- 

spinning and gravitationally 

oppressive places, ‘magnetars’ are 

neutron stars on steroids. They are ,* | 

similar in size, but their magnetic 

fields are trillions of times stronger 

than Earth's. They’even distort the 

shape of atomic nuclei. And it is this 

instability that-goes hand-in-hand*, .. 

with their doom, as theyare likelyto . 

remain active for just 10,000 years. ~ 
Rotating in less than ten seconds, 

their pace is considerably slower 

than normal neutron stars and 

their magnetic fields generate 

strong bursts of X-rays and.gamma 

radiation. In March 1979, a bright 

gamma-ray burst from 160,000 light 


Almost 2bn light years in diameter, 
the Eridanus void is seemingly 
‘missing’ as many as 10,000 
galaxies. This empty stretch of space 
- centred on the Southern Celestial 
Hemisphere - has revealed a curious 
and so far unexplained 20 per cent 
less matter than other regions. 


BCT elec Renta tHe 
juaTessii ogi magnetic 
* source in the Mee | 


With an unpronounceable name 

of which the singer Prince would 
have been proud, CFBDSIR2149 
may represent a low-mass brown 
dwarf, or perhaps an ‘orphan’ planet, 
gravitationally ejected from its star 
system. It resides 100 light years 
away and spectroscopic signatures 
have revealed methane and water in 
its atmosphere. 


years away hit several US and Soviet 
spacecraft orbiting Earth, Venus and 
the Sun. This triggered sharp rises 
in radiation measurements from 100 
counts per second to over 200,000 


counts in a fraction of a millisecond. 
The burst came from a star that had 


gone supernova some 5,000 years 
earlier and is today recognised as a 
magnetar flare. 


- located 50,000 light years away, 
hidden behind dense clouds of gas 
and dust - was recorded by several 
Earth-circling satellites, as well as the 
Cassini, Mars Odyssey and Ulysses 
space probes. It was determined 

that the magnetar responsible must 
have unleashed as much energy as 
the Sun produces in 250,000 years. 
Other magnetars have ionised atoms 


the supermassive black hole within 
the Sagittarius A* system at the heart 
of the Milky Way. The latter plays 

an invaluable role in understanding 
conditions at the galaxy’s centre. 


Photographed by the Hubble Space 


The source of a magnetar's field 
remains theoretical, but probably 
derives from ‘magnetohydrodynamic 
dynamo’. processes, deep within 
a neutron star's fluid-interior. It is 


Telescope in 1995, the Pillars of 
Creation are a pair of ‘trunks’ of 
interstellar gas and dust in the Eagle 
Nebula, located over 6,500 light 
years away. They are so named 


because the gas and dust are in the 


More recently in December 2004, 
He=LGNec1WCo)e Mm aconU MDa lela elcvmanteleaatciels 
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in Earth's ionosphere, while in 2013, 
PSR J1745-2900 was found orbiting 


thought that ten per cent of neutron 
stars become magnetars. 


process of new starbirth. 
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The question of what lies at the ‘end’ of 
the universe has mystified humans for 
centuries. In November 2013, a ‘wall’ of 
sorts was found more than 10 billion light 
years from us, spanning the constellations 
of Hercules and Corona Borealis. Today, 
the ‘Hercules-Corona Borealis Great Wall’ is 
recognised as the largest known structure 
in the observable universe. 

Its ‘bricks’ are comprised of billions of 
galaxies and it is believed to extend, sheet- 
like, over 10 billion light years, while being 
7.2 billion light years wide and almost one 
billion light years thick. Putting that mind- 
numbing enormity into context, the Sun is 
eight light minutes away from us and our 
nearest galaxy, Andromeda Galaxy is at a 
distance of 2.5 million light years. 

The Hercules-Corona Borealis Great: 
Wall was found by mapping dozens of 
immensely powerful gamma-ray bursts - 
but it struck its discoverers as impossible. 
Einstein's cosmological principle states 
that the entire universe is approximately 
equal and that, assuming matter is spread 
evenly, no structure should exceed 1.2 
billion light years in diameter. However, 
the Sloan Great Wall, detected in 2003, 
measures 1.4 billion light years and the 
Huge Large Quasar Group, whose discovery 
was announced in 2013, is still bigger at 
4 billion light years. The Hercules-Corona 
BYoKa=VIMesCo-l MAE lUNeA ec Neicmeslosemple)a ee 
vastly tipping the cosmological scales. 

It is only 3.8 billion years younger than 
the universe itself, creating an impossibly 
short period of time after. the Big Bang for 
it to form and evolve. So understanding 
why it exists at all is still a mystery. “It 
shouldn't exist,” says Dr Jon Hakkila,one 
of its discoverers, “but apparently it does.” 
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--_Fornax Cluster 


Misleadingly peaceful, sky-blue 
Neptune's gaseous facade cloaks 
violent storms and bizarre weather. 


When Voyager 2 encountered the 
planet, it observed two dark spots, a 
fast-moving ‘scooter’ and 1,931km/h 
(1,200mph) winds. How a world so 
far from the Sun powers this active 
weather system remains unknown. 
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First seen as an ‘anomaly’ on a 
photographic plate, the volcanic 
nature of pizza-like Io was a key 
discovery of the Voyager missions. 
Tidally locked to Jupiter, Io's tortured 
surface boasts fewer volcanoes 

than Earth, but their combined heat 
makes it the most volcanically active 
body in the Solar System. 


First predicted in 1988 and then 
confirmed in 2005, hypervelocity 
stars have the potential to exceed 
the escape velocities of their own 
galaxies. Moving around ten-times 
faster than ‘ordinary’ stars, it is 
believed that only a tiny fraction of 
hypervelocity stars - around 1,000 - 
exist within the Milky Way. 


Twice the diameter of Earth, 
Jupiter's counter-clockwise-moving 
monster storm has wreaked havoc 
for over 300 years. At around 
25,750km (16,000mi) in diameter, 
its size and hue have changed with 
time, but the long-term stability of 
this high-pressure region remains a 
significant mystery. 
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Supercluster — Corona-Borealis 
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Fastest object in the universe 


Galaxy MACS0647-JD 


Travelling at nearly 300,000 
kilometres (186,000 miles) per second, 
light may be the fastest force known, 
but the expansion of the universe 
teaches us that the furthest objects are 
likely to be the oldest and the fastest. 
In 2012, astronomers found a galaxy 
so remote that the light reaching us 
now shows MACS0647-JD, in the 
constellation Camelopardalis, as it was 
just 420 million years after the Big 
Bang. If these distances are accurate, 
we can see a galaxy that was around 
when the universe was just three per 
cent of its age. More profoundly, its 
light has been barrelling towards us for 
nearly the entire history of space-time. 
MACS0647-JD is tiny: at 600 light 
years across, it is 250-times smaller 
than the Milky Way. Its discovery 
was aided by ‘gravitational lensing’, 


This fuzzy blob is the best view 
humanity has of MACSO0647-JD 


where another Camelopardalis galaxy 
provided a cosmic magnifying glass. 
NASA‘s Spitzer telescope examined 
MACS0647-JD at longer infrared 
wavelengths to ascertain if its redshift 
pointed to a very distant galaxy ora 
very ‘red’ galaxy. NASA's James Webb 
Space Telescope, due to launch in 
2018, may offer definitive evidence. 
But until then, we can only wonder. 
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More than 12.4 billion light years 
away, a galaxy saddled with the 
ungainly name of W2246-0526 
blazes with the intensity of 350 
trillion Suns. In all likelihood, a 
supermassive black hole at its core 
is drawing material into a bright 
accretion disc, whose light is 
absorbed by a thick blanket of gas 
and emitted as infrared light. The 
result is the most luminous object 
currently known to us. 

Following observations made by 
NASA's Wide-field Infrared Survey 
(WISE) in 2015, it was classified as 
an ‘extremely luminous infrared 
galaxy’. Although black holes appear 
commonplace in galactic hearts - one 
is believed to lie at the centre of the 


PN uaimoeee) nee) s 
of the turbulence 
pervading 
W2246-0526 


Milky Way - W2246-0526 is by far 
the oldest and was billions of times 
more massive than our Sun, even 
when the universe was a toddler. 
Maybe it was ‘born big’ or it 
overfed on matter and ballooned in 
size at a hair-raising pace. Whatever 
happened, its extreme luminosity 
has generated turbulence across 
the entire galaxy. Drawing on WISE 
data, the Atacama Large Millimeter/ 
SLOLDOSVOONDBALcIKcJmPaWORh ADO M@iaII (cmalac (are! 
into W2246-0526's interior and 
revealed it is jettisoning its entire gas 
supply at 1.9 million kilometres (1.2 
million miles) per hour. Of course, 
we are seeing it as it was 12.4 billion 
years ago, so we are unsure if the 
turbulence settled or continued. 
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Lighthouse Nebula 


Some 23,000 light years from Earth 
lies IGR J11014-6103, or the ‘Lighthouse 
Nebula’. It was formed long ago by the 
action of a pulsar - a rapidly rotating 
neutron star - but one of its most 
intriguing characteristics is a 37-light- 
year-long spiralling jet of high-energy 
radiation, barrelling away from its host 
at thousands of kilometres per second. 
Known as an ‘astrophysical jet’, these 
exotic structures have been seen to 
attain lengths 100 times the size of 
our home galaxy and represent the 
most powerful objects in the universe. 
How astrophysical jets evolve and 


What forces power them is still unclear, 


although it is likely to be related to 
interactions with the ‘accretion disc’ 
around a black hole or neutron star. 
The manner in which accretion discs 
accelerate jets to such high speeds 


remains theoretical, although they are 
thought to generate ‘tangled’ magnetic 
fields, causing them to collimate. 

Rotating black holes have long been 
posited as a potential dynamo and 
jets produced in their vicinity tend to 
be the fastest and most active. Such 
jets emit their material at close to the 
speed of light and are described as 
‘relativistic jets’ and, in their largest 
instances - in active galaxies and 
radio galaxies - can reach hundreds of 
thousands of light years in length. 

On the other hand, jets around 
other objects are much slower. In 201], 
NASA's Chandra X-ray Observatory 
studied the influence of an 
astrophysical jet from a neutron star in 
the Circinus X-1 binary system upon 
nearby gas, revealing powerful shock 
waves from the collision. 


Rains of rock and glass 


COROT-7b and HD 189733b 


With dust devils on Mars, crushing 
pressures on Venus and extreme 
winds on Neptune, our Solar System 
boasts a variety of wild weather. But 
even more turbulent and hostile 
conditions await if we were to visit 
‘exoplanets’ beyond the Solar System. 

Discovered in 2009 and named 
after the craft that found it, COROT- 
7b lies 489 light years away. With a 
diameter 1.58 times the size of Earth 
and at eight times more massive, 
COROT-7b is a ‘Super-Earth’, but it 
may have once been much larger. 

Orbiting its host every 20 hours at 
a distance of 2.6 million kilometres 
(1.6 million miles), COROT-7b's rocky 
surface could harbour lava fields 
and boiling magma oceans. It may 
be tidally ‘locked’, with extreme 


temperatures of 2,000 degrees Celsius 


(3,632 degrees Fahrenheit) on its star- 
facing hemisphere and -200 degrees 
Celsius (-328 degrees Fahrenheit) on 
its space-facing side. 

Equally hot is HD 189733b, a ‘Hot 
Jupiter’ that lies 63 light years away 
and circles its parent star every 
2.2 days. Discovered in 2005, HD 
189733b’s atmosphere is thinning 
25-65 per cent faster than it should. 
But despite winds of 8,690 kilometres 
(5,400 miles) per hour, its surface 
temperature is stable at 1,000 degrees 
Celsius (1,832 degrees Fahrenheit). 
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The evolution of * 
astrophysical jets is not 
yet fully understood, 
but their power source 
derives from the 
accretion disc or froma 
large central object 





HD 189733b 


Atmospheric temperatures 
are uniform throughout 
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13 per cent larger 
’ than Jupiter 
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Neutron stars 


To imagine squeezing an object up to 
20 times as massive as the Sun into 
the size of a small city is to imagine 


Several tens of millions of elephants 
scrunched into a sugar cube offers 
an approximation of the density of 


Outer crust @ 

The outer crust is 
predominantly made 

of iron. Atoms are 

crushed into a rigid = 


lattice of nuclei with eo 


electrons flowing 


Extreme space objects 


® Inner crust 

Moving towards the centre, 
nuclei with an increasing 
number of neutrons are 


___ common. If they were on 
«Earth, they would decay 


rapidly, but the huge 


conditions close to a neutron star. 
These exotic objects - of which 2,000 
may reside in our Milky Way galaxy 
alone - represent the gravitationally 
collapsed remnants of old stars. Devoid 
of their outer gaseous envelopes, all 
that remains is a superheated core, 
around 19 kilometres (12 miles) across, 
yet still possessing up to three solar 
masses. Neutron stars are undoubtedly 
among the densest objects in the 
known universe. 

Understanding them is troublesome. 
A matchbox holding neutron-star 
material might have a mass of 13 
million tons and their extreme density 
can be best understood through 
implausible everyday comparisons. 


a run-of-the-mill neutron star. And | ; 
. ». through the gaps. ek RCE CTs) 
they rotate rapidly and emit strong, i / i, ot Sam stable 


pulsating beams of electromagnetic ame Tee ‘=~ &Y  * a : i 
radiation. The vast majority of neutron [eee | cs: | 
stars identified since 1967 have beens [eae “e a ea . ae ‘sa ' gs 
observed as ‘pulsating radio sources’, ¢ aol 
or ‘pulsars’. One example is PSR J1748- 
2446ad in the constellation Sagittarius, 
which tops the league of fast-spinners, 
rotating at 25 per cent the speed of 
light, or roughly 716 times per second. 
Unsurprisingly, they have 
tremendously powerful magnetic 
fields, far stronger than Earth's own 
field, and if a person were to stand 
on the surface of a neutron star they 
would be quickly crushed down to 
atomic level. 
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iscomposedoffree | sierra to exist at the heart of 
electrons, neutrons, protons — 
and-‘muons. It can contribute up - 
to 99 per cent of the neutron 
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uncertain. There could be a 

=~ mix of protons, electron and 
“neutrons or even quarks. 





“COROT-7b's rocky surface could harbour 
lava fields and boiling magma oceans” 





The closest planet to the Sun in 
the Solar System should be the 
hottest, bar none. Yet tiny Mercury 
is tidally locked to its parent star, 
with one hemisphere baked to 
temperatures as high as 426°C 
Sy,’ (799°F) and the other frozen to 

Tt aa -173°C (279°F). 


COROT-7b 
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With a supermassive black hole 
thought to lie at its heart, the 
centre of our Milky Way Galaxy 
lies some 25,000 light years 

from planet Earth. However, the 
‘od ' presence of interstellar dust along 
our line of sight prevents us from 
examining the galactic centre in 
greater depth. 


Rocky, with a 
possible volcanism «id 
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Orbits star / ee . ; oo 
in 20 hours \ / 
be Standing on Mars in the foothills 
of Olympus Mons - the Solar 
System's largest volcano - it would 
be impossible to see the summit. 
This monster stands almost 
35km (22mi) high and, like its 
mythological namesake, Mount 
Olympus, it reaches beyond the 
atmosphere and towards the realm 
of the gods. 


Tidally locked 
to its star 


K. Noll (STScI); M. Postman; D. Coe; the CLASH team; NRAO; AUI; NSF; Dana Berry; SkyWorks; ALMA; M. Kornmesser; Penn State University 


Most volatiles have 
probably evaporated 
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Our home galaxy is a vast and complex system 
containing between 100 and 400 billion stars, huge 
clouds of interstellar gas and dust, and enormous 
quantities of mysterious, unseen ‘dark matter’. Look 
up at the sky on a dark, starry night and every star 
you can see is part of the Milky Way. 

Seen from edge-on, our galaxy resembles a broad 
but thin disc with an ovoid bulge at its centre. Stars 
and other visible matter are concentrated in this disc, 
which is around 120,000 light years in diameter but 
just 1,000 light years thick. 

Our Solar System lies roughly half way between 
the centre and the edge, on the western side of this 
disc. So when we look across the plane of the disc we 
see countless stars lined up behind one another into 
the far distance, creating the broad band that we see 
as the Milky Way in Earth's skies. In contrast, when 
we look above or below this plane, we see only the 
relatively nearby stars of our galactic neighbourhood, 
and beyond them we see the vast dark gulf of 
intergalactic space. 


How to get to the core 


® 1. Acceleration boost 
| Interstellar travel requires 

a steady source of 
acceleration that can boost 
a spaceship’s speed for 
many years. lon engines 
and nuclear rockets are 
far better suited to the job 
than our current generation 
of chemical rockets. 


| Pa Re eae mira 
By accelerating over 
many years with a small 
but constant force, the 
spacecraft can boost its 
speed to a substantial 
fraction of the speed of 
light - but even at these 
speeds, it takes years to 
reach the nearest stars. 















® 3. Time dilation 
If the spacecraft's speed gets near 
to the speed of light, then an effect 
of special relativity called time 
dilation becomes noticeable - time 
slows down for the spaceship's crew 
compared to the surrounding galaxy, 
effectively shortening their journey. 
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The Milky Way 


Our home galaxy is a huge spiral of stars, et : 
and home to many spectacular objects Bae 
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Stars in different parts of the galaxy have 
different characteristics. Those in the disc are 
known as Population I - they are relatively 
young and rich in heavier elements, which 
help them to burn their hydrogen fuel 
brighter and faster. Most of those in the 
central hub are Population II stars - they 
are older and made of almost pure 
hydrogen and so burn much more slowly 
and steadily. The older stars of the hub 
are generally less massive than the Sun, 
and are red and yellow in colour. F 

Stars located in the disc, meanwhile, 
have a wide range of sizes and colours 
related to their location - low-mass 
red, yellow and white stars are 
spread all the way around the disc, 
while short-lived, highly luminous 
and heavyweight blue stars are 
concentrated close to spiral regions of 
star formation that cross the disc. 


® 4. Crowded core 

Stars in the core of the galaxy 
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In this crowded space, the craft 
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to lose excess speed. 








® 5. Into orbit 
Once the right speed has been 
reached, the spacecraft can slip into a 
fast-moving orbit around the galaxy’s 
central supermassive black hole - 
held by its gravity but not pulled 
directly into the black hole itself. 
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How big is the Milky Way? 


0) ee ee With a diameter of about 120,000 light years, our galaxy is about 30,000 
eels . times the diameter of the Oort Cloud surrounding our Solar System. 










If the Solar System were the size of a two pence coin, 
the Milky Way would be as wide as the United States 


* not to scale 





eel 
the core? 


At 27,000 light years from 
Earth, the Milky Way's central 
black hole is some 40-million- 
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than Neptune at its closest. 
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The Local 
Group 
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The Milky Way is rich in spectacular sights and 
accounts for the vast majority of stars and nebulae 
visible from Earth. The nearest bright region of star 
formation is the Orion Nebula, roughly 1,400 light 
years away and the centre of a largely invisible 
‘molecular cloud’ that’s hundreds of light years wide. 
It sits on a ‘spur’ or minor spiral arm roughly 10,000 
light years long - the same arm as our Solar System. 
Although it’s hard to plot their exact paths from 
our location, most astronomers agree that the Milky 
Way has four significant spiral arms emerging from 
the ends of a central bar, which crosses the hub and 
is up to 30,000 light years long (making the Milky 
Way a barred spiral). The two 'major' arms are the 
Scutum-Centaurus Arm, mostly invisible from Earth, 


Orbiting balls 

Globular clusters are dense balls containing 
thousands of old red and yellow stars. Several dozen 
clusters orbit in the ‘halo’ region above and below the 
galactic disc and around the central hub, of which 47 
Tucanae (shown here) is one of the brightest. 
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Top sights to see in our galaxy 


and the Perseus Arm, home to most of the Milky 
Way star clouds seen from Earth. The minor Carina- 
Sagittarius Arm passes between our Solar System and 
the centre of the galaxy. It is home to the brilliant 
Carina Nebula and some of our galaxy’s youngest, 
most massive and luminous stars, while the Norma/ 
Outer Arm wraps around the outer edge of the galaxy. 
But it’s a mistake to think of the spiral arms as 
connected structures - if they were, the faster speeds 
of orbits close to the centre would cause them to 
wind up or tear apart. Instead, the arms are more 
like traffic jams - regions where the orbits of stars 
and interstellar material tend to slow down and 
crowd together, triggering waves of star formation. 
Individual objects move in and out of these regions 


Star-forming regions 

There are countless star-forming regions, Known as 
nebulae, within our galaxy that are observable from 
Earth. The Lagoon Nebula (M8) and the Rosette 
Nebula (Caldwell 49) are particularly stunning 
examples that can be picked up with a telescope. 


as they orbit the centre of the galaxy, but the short- 
lived nature of the most massive and brightest 
stars means they are always found close to the star- 
forming regions in the arms themselves. 

The Milky Way's most intriguing object is also its 
most dangerous and inaccessible - a supermassive 
black hole at its central hub. Swallowing up anything 
that strays too close, including light itself, the black 
hole has cleared the region around it of stars and 
other material, and can only be detected through 
radio emissions, released as dust sifts down onto it. 
For this reason, it is often known by its radio source 
designation of Sagittarius A*. However, the orbits of 
stars close to this deadly region reveal that it contains 
the mass of at least 4 million Suns. 


Other planetary systems 

Within our galaxy are other planets, some of which 
orbit around stars younger and older than our Sun. 
Thousands of exoplanets of different types have been 
uncovered by space and ground-based telescopes 
such as Kepler and the Very Large Telescope. 


You are here 

Our Solar System rests 

in the region between 

the Perseus Arm and the 
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known as the Orion- 

Geen ewer em Mateo] 
around 3,500 light years 

_ across and 10,000 light 
: years in length from 
_ where it breaks off from 
the Sagittarius Arm. 
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| The Sun travels with billions of other path that intersects with the plane of 
stars around the galactic centre of the the galaxy every 30 million years or 
Milky Way Galaxy. Our star (and its so. As a result, the entire Solar System 


planets) orbits the centre of our galaxy is moving through space at an average 
roughly once every 225 million to 250 speed of about 230 kilometres (143 
- million years. It is on a wobbling orbital miles) per second. 
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Estimated contribution of dark 
matter to the Milky Way's mass. 
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NAVCAM 

Two Navigation Cameras and 
a StowCam form part of the 
Touch-and-Go Camera System 
(TAGCAM), which works 

in combination with the 
GN&C LIDAR for guidance, 
navigation and control. 


OVIRS 

OSIRIS-RExX Visible and 

IR Spectrometer (OVIRS) 
AISA SMYA CP oe Lalo 
infrared light from Bennu 
and allows for the detection 
of different chemicals. 


OTES 

The OSIRIS-REx Thermal 
Emission Spectrometer 

collects infrared spectral data 
and provides mineral and 
temperature information, 
allowing astronomers to work 
out the kinds of minerals present. 


REXIS 

The Regolith X-ray Imaging 
Spectrometer will determine 
the elements present in the 
surface by detecting any 
X-rays being emitted. 


OSIRIS-REx’'s objectives 
is Origins 


Visit Bennu to collect and return a sample of its 
surface to Earth. 


bey Spectral interpretation 
Spend six months creating a comprehensive map 
of its properties using its onboard instruments. 


me Resource identification 


Document the site of the sample and identify 
resources potentially useful for future missions. 


Rey Security 
Study the role of the Yarkovsky Effect - the orbit 


deviation caused by non-gravitational forces. 


se, Regolith exploration 
~ Study the regolith - the unconsolidated solid 
material covering the bedrock of an asteroid. 
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The cameras 


PolyCam is an 8in telescope 


that will take hi-res images 
of Bennu, while MapCam 
will search for moons and 
outgassing plumes and 
indicate the asteroid's 
shape. SamCam will follow 
the moment the samples 


are taken from the surface. 


TAGSAM 

This is the robotic arm 
that will reach out and 
touch the surface of 
Bennu as it collects 

a sample, before 
retreating and allowing 
the craft to move away. 





GN&C LIDAR 
The guidance, 
navigation and 
control LIDAR Is able 
to work out how 
close the spacecraft 
is from Bennu so 
thatit can maintain a 
safe distance from it. 


Me ZA 
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OLA 
The OSIRIS-REx Laser 

PN dnateicc]mileela le) a 

laser pulses that are able 
to precisely measure the 
distance from the surface 
by timing the delay for 
the light to bounce back. 
It will be used to map the 
asteroid's topography. 
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As the sample return mission OSIRIS-REx heads for 
Bennu, All About Space looks at the rich benefits of 
Sampling what a lump of space rock has to offer 


Written by David Crookes 


Imagine for a second that you could get your hands 
on a celestial treasure chest, packed to the brim 
with precious metals and potential fuel that could 
provide untold riches if you managed to prise it 
open. Consider something so wonderful that it could 
help you travel further than you've ever gone before 
and allow you to inhabit new lands and broaden 
your mind with fresh science and discoveries. It 
sounds rather pie in the sky, doesn't it? And yet 
millions of these amazing objects are flying around 
space right now, giving astronomers the opportunity 
to unlock exciting new frontiers. 

We are, of course, talking about asteroids, those 
apparent big dumb rocks that knock around the 


inner Solar System in orbit around the Sun. But 
even though they are inactive, airless and rocky 
bodies, that doesn’t make them any less fascinating 
to astronomers. Quite the opposite, in fact. For 
asteroids - also known as planetoids or minor 
planets by scientists - were created from materials 
left over from the formation of the early Solar 
System around 4.6 billion years ago. As such, they 
are like orbiting pieces of a jigsaw, offering both 
clues to the past and an abundance of potential 
resources for the future. 

Dr Dante Lauretta is certainly keen to find out 
more about them. He's the principal investigator of 
NASA's OSIRIS-REx mission, which launched earlier 


55 


How to mine an asteroid 


Mission to a space rock 


What are the ingredients for a successful mission to mine an asteroid? 


1 Examine the 
site and collect 
tee CS 


> Clana ineeciic= 
The craft will determine the 
best landing site, collecting 
infrared spectral data to obtain 
information about surface 
minerals and temperature. 


2 Retrieve and 
analyse a sample 


» Retrieving the 
sample 
Bennu is likely to 
contain carbon 


material and organics, 


which are the 
building blocks of 
life. A robotic arm will 
collect a sample of 
pristine regolith and 
Ware lee wr liel B 


sample return covet and arenes on 1 Earth 


at various labs when it returns in 2023. 


“. The Yarkovsky Effect 


How the Sun affects a space rock — 
OSIRIS-REx will measure ue ere! te 
acceleration of an aste ats 
absorbed from the Sun i 
space, kno 


o - 
- 


') Potential Earth collision of Bennu 
OSIRIS-REx will better determine Bennu’'s 
path as it could hit Earth in 150 to 180 years 
from now. There's a one in 2,000-chance. 
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‘> Look for organic 
material 
The OSIRIS-REx 
Visible and Infrared 
Spectrometer is set to 
look for organics on the 
surface by measuring 
the spectral signatures 
of its mineralogical and 
molecular components. 


Se WER Cte 


sta 

geology 
PolyCa 

MapCam aid 
SFT Or ai WII 
provide global 
image mapping 
and sample site 
imaging of the 
asteroid. 


~) Documenting the regolith 
The Regolith X-ray Imaging Spectrometer 
will see the surface of Bennu in X-ray light, 
looking inside the surface rocks and soil. 


— Ground truth 
Ce 


ees 


y "Loa AS 
1 { . 
=p | eee ry ? 


Earth and Parteee 


d telescopes. 
yal a 


_-Comparing the observations > 


SAG gr] e-lel Ka] ay maa om (al neys4ere] Ravel 
global properties of the asteroid, 
it will be possible to allow direct 
comparisons with data for the 
whole asteroid population. 





this month with the main objective of grabbing a 
sample from the surface of the carbonaceous asteroid 
known as 101955 Bennu and returning it to Earth for 
detailed analysis. The key hope is that this will shed 
new light on how life began, answering important 
questions that will help us to better understand 
where we have come from and maybe give us 

some idea of where we are heading. Scientists say 
there is every chance the asteroid could contain 
molecular precursors to Earth's oceans and the origin 
of life. It has all of the ingredients for an exciting 
breakthrough. 

“These objects are geologic fossils; time capsules 
that are 4.5 billion years old,” says Dr Lauretta. “Their 
primary chemistry and mineralogy was established 
in the protoplanetary disc phase, when our Solar 
System was a giant cloud of gas and dust spiralling 
around a creating protostar. The organic chemistry 
of water and nitrogen and other key compounds 
for the habitability of our planet, and ultimately 
the origin of life, were going through lots of really 
fascinating processes. We want to unravel those and 
really understand the origins and the formation of 
biomolecules here on Earth, and the likelihood those 
would have formed elsewhere in the Solar System.” 

This has been something of a lifetime's work for Dr 
Lauretta. The OSIRIS-REx mission was first proposed 
to NASA in 2004 and while it was turned down at 
that time, Dr Lauretta was among those who worked 
hard for seven further years, writing a host of reports 
in the hope of persuading the space agency to have a 
change of heart. “You're not waiting during this time,” 
he says. “You're in sales mode and you are trying to 
convince the agency that this is the right mission to 
fly. You are improving the design, presenting it and 
going to reviews and making your case, knowing 
there are other teams competing for those same 
resources.” Thankfully, by 2011 the hard work had 
paid off and the mission was selected. “The science,” 
he adds, “is outstanding.” 

And indeed it is. OSIRIS-REx stands for Origins, 
Spectral Interpretation, Resource Identification, 
Security, Regolith Explorer - which essentially brings 
together the aims of the mission into an admittedly 
ever-so-slightly forced acronym. In a nutshell, the 
spacecraft is going to rendezvous with Bennu in 
August 2018, map the asteroid's surface for just 
under a year and then grab a physical sample. It will 
spend 505 days around Bennu in total and gather an 
incredible amount of data. 

As it orbits with Bennu, the craft's instruments 
will determine the asteroid's global spectral, thermal 
and geological properties and it will take many high- 
resolution images that should allow astronomers to 
see plumes and natural satellites. “Bennu is relatively 
small so we will be able to do millimetre-scale 
imaging of many areas on the asteroid and you don't 
get to do that very often,” says Dr Lauretta. “We have 
had a few microscopic imagers on Mars but we have 
never looked at a planetary body globally and at such 
a high resolution, as what we'll do on Bennu, in a 
single mission before.” 

Throughout this crucial period, scientists will also 
be looking to identify the best site from which to take 
a sample. At first, the proposal was to land on the 
surface of the asteroid and extend down in order to 
pluck the materials needed. “It's what I wanted early 
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Galileo 

Operator: NASA/DLR 
Launch: 18 October 1989 
Target asteroid: Gaspra 
Other targets: Ida 


Galileo passed 1,600km (990mi) 


from Gaspra and became the 
first craft to fly past an asteroid. 
Ny Tame) a (ele) nar 1a , 
Operator: NASA 
Launch: 17 February 1996 
Target asteroid: Eros 
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OSIRIS-REx 
Operator: NASA 


Launch: 8 September 2016 


Target asteroid: Bennu 


OSIRIS-REx will reach Bennu in 
2018 and spend 505 days there. 
It will map the asteroid's surface 

and take a physical sample. 


Hayabusa 2 
ae _ Operator: JAXA 
Se Launch: 3 December 2014 


Target asteroid: Ryugu 
. Paice ey WME MUM K=tleu 


Other targets: Mathilde 
Near Shoemaker was the first 





Ryugu in July 2018. An onboard 
explosive device will dig the 





craft to orbit an asteroid and a - J 


touch down on its surface. 


GTS Tale OM exo1 a1 
Operator: NASA/ESA/ASI 
Launch: 15 October 1997 
Target asteroid: 2685 
Masursky 


Cassini snapped tiny 
photos of Masursky over 
5-7 hours from 1.6mn km 
(990,000mi) away. 


Deep Space 1 ew . 
Operator: NASA/JJPL © - 
Launch: 24 October 1998 

Target asteroid: 9969 Braille 

Other targets: Comet Borrelly 

ae ANE MUU 

Programme, the craft performed 

a flyby of Braille at 26km (16mi). 


Stardust 


Operator: NASA/JPL 

Launch: 7 February. 1999 © 
Target asteroid: 5535 Annefrank 
Other targets: Comet Wild 2 


| The mission was to collect dust from 
a Comet Wild 2's coma but it also 
performed a flyby of Annefrank. 
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Exploring 
asteroids 


sWetarceae\Vensaan! 
several missions 
throughout history 











Operator: JAXA 
Launch: 9 May 2003 
Target asteroid: Itokawa 


surface for fresh samples. 


Dawn 

‘Operator: NASA 

Launch: 27 September 2007 
Target asteroid: Vesta 

Other target: Dwarf planet Ceres 





NASA's Dawn craft began exploring 
Vesta between 2011-2012 before 
entering the orbit of Ceres in 2015. 


Rosetta 

Operator: ESA 

Launch: 2 March 2004 

Target asteroid: Lutetia & Steins 
Other targets: Comet 67P/ 
Churyumoy-Gerasimenko 


As Rosetta journeyed towards 
Comet 67P, it was able to flyby 
the asteroids Lutetia (the largest 
visited by a craft) and Steins. 


Hayabusa 


Hayabusa landed on Itokawa for 30 
minutes in 2005, collecting small grains 
of material. It was the first attempt to 
return an asteroid sample to Earth: 


. “These objects are geologic fossils; time 
-» capsules that are 4.5 billion years old" 


=) 4888 Dr Dante Lauretta, principal investigator of NASA’s OSIRIS-REx 


on,” says Dr Lauretta. “I thought it would be great 

to get down on the surface and spend a few hours 
checking it out, picking our sample, loading up our 
capsule and getting out of there.” But the challenge 
of getting something to stay at a fixed location on a 
microgravity body such as a small asteroid posed too 
high a risk. 


“We don't know the nature of the surface,” he adds. 


“Tt could be more fluid than solid because the gravity 
is so low and if you are in a rubble pile, that thing 
could move around quite a lot making you worry 
about sinking into it and rolling around. We were not 
willing to accept that so we went with a touch-and- 
go manoeuvre strategy, where we make a very slow 
approach to the asteroid and come in at a velocity of 
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ten centimetres (3.9 inches) per second. It's going to 
be slower than a baby crawling.” When it gets close 
enough though, the action will begin. 

The spacecraft has something called a Touch-And- 
Go Sample Acquisition Mechanism (TAGSAM), which 
has a sampler head fitted to the end of a robotic arm 
that will be used to extract the samples it needs 
from the surface. Dr Lauretta says it’s akin to an air 
filter, “a kind of cylinder that you would see on an 
old carburettor on a 57 Chevy or something like that.” 
This “vacuum cleaner”, as he also puts it, releases a 
burst of nitrogen gas. “This creates an atmosphere 
and we use that to create a vacuum action that 
sucks material up into the filter,” he continues. 
“There's a collection chamber in the outer region of 


the sampler head and if we fill it up then we'll have 
two kilograms [4.4 pounds] of material, which is an 
enormous sample for material science.” 

In the real world, it is more likely that the sampler 
will gain a couple of hundred grams (“the minimum 
is 60g [0.13 pounds]"). But what is perhaps most 
surprising is the small amount of time TAGSAM has 
to work its magic. “We are staying on the surface for 
five seconds,” Dr Lauretta explains. “We open up our 
vacuum cleaner, suck up all that material into our 
filter and then we fire our thrusters and back away 
from the asteroid. We'll then evaluate if we have the 
material that we wanted.” 

But what if they don't? Luckily, there is an 
opportunity for two more goes since the team is 
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“We are staying on the asteroid’s surface 
for five seconds; we open our vacuum 
cleaner, suck up the material into our 
filter and then we fire our thrusters and 
back away from the asteroid" 


Why we're going 
to asteroid Bennu 


It's very mysterious right now but 
Bennu holds the key to many 


Leelee MIC =m bee le 
Space missions 
There is a good chance 
that Bennu will contain 
a fuel source, pointing 
to the possibility 

‘of spacecraft using 
asteroids to 'gas-up’, 

jad] ayomtatslan mee \V(=l mtn LeCeD 
Ulm tn Slee eN eM OLKe Ee 


A primordial 
gold.mine 

Since the asteroid dates 
back to the formation 
CRUE OE ES AICHE 
astronomers will turn 
detective in piecing 
together clues from the 
historic organic materials 
it may contain. 


It may hit Earth 
in the future 

There's aonein2,500 ° 
chance that Bennu will 
collide with Earth in the 
late 22nd century. But by 
tracking OSIRIS-REx as 
it orbits the asteroid, its 
path and characteristics 
can be better measured 
and predicted. 


Companies are 
seeking to mine it 
With its rich-source 

of minerals, there 

is a clamour among 

(oro) an) ey] al (=e ale: 
governments to take 
advantage of the 
resources that asteroids 
have to offer, and they'll 
be keenly watching. 


There's an opportunity to 
practise manoeuvres 
Bennu will allow scientists to practise 
navigating a craft around an asteroid. 
Since the gravity is low and there's 
pressure from sunlight, it will provide 
ample teaching material for engineers. 






Mission 
manoeuvres 





| We have lift-off 
L Atlas V launched OSIRIS-REx 


On its way 
OSIRIS-REx will perform 
on 8 September 2016 from Cape Deep Space Manoeuvres that 


Canaveral, Florida. OSIRIS-REx 
measures 6.2m (20.3ft) across, 
with solar arrays of 8.5m? (Q1ft’). 


velocity of 5.4km/s (3.4mi/s) by 
a further 0.52km/s (0.32mi/s). 
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Gravity assist 

The spacecraft spends a year 
orbiting the Sun and it then uses — with Bennu. To do that it needs 
will change its hyperbolic escape _ the Earth for a gravity assist, 
taking the required energy 
needed to throw it into space. 


packing three bottles of nitrogen gas on board. 
“That's a limiting resource for us but we do have 
three independent bottles,” he says. “If we decide we 
don't have enough material, which we can check by 
spinning the spacecraft and checking the moment 

of inertia (a physics parameter which tells you how 
mass is distributed in a body), then we can repeat the 
entire sequence to make sure.” 

By the time OSIRIS-REx collects its asteroid 
sample, it will be 2020 and Dr Lauretta will have 
worked on the mission for 16 years. It seems a long 
time to wait for such a short burst of action - “it all 
comes down to five seconds” - but it will be worth 
it. When OSIRIS-REx sets off on its return journey 
to Earth in 2021 bringing its precious cargo with it, 
interest in asteroids - whether for resources, science 
or security - is likely to have boomed. 

Already, there is talk of mining asteroids 
commercially. The United States passed a law last 
November that would give it legal clearance to 
commercially exploit asteroids and Luxembourg’s 
economy minister, Etienne Schneider, announced in 
June that the country was putting aside €200 million 
(£170 million) for a venture that will see rare minerals 
brought back from space. “If we need more money, 
we will be able to provide it,” Schneider says. The 
stakes are certainly high. 

Indeed, space research companies such as 
Planetary Resources and Deep Space Industries are 
currently looking to move as quickly as 2019 and 
their reasons for doing so are compelling. Asteroids 
rich in platinum could produce $2.9 trillion (£2.2 
trillion) worth of platinum, which is more than 174 
times the annual output of platinum on Earth. It 
would be perfect for producing cheaper electronics 
and electronic transportation. 

Yet it is asteroids that are rich in water which could 
prove more vital in the long run - for space travel 
at least. Since it costs around $20,000 (£15,280) 
to send one litre (35 ounces) of water into space, it 
is estimated there could be as much as $5 trillion 
(£3.8 trillion) worth of water ready to be mined. It 
would be used to create breathable air for astronauts, 
drinkable water and rocket fuel. “I view asteroid 
mining as the real estate market of the future,” Dr 
Lauretta says. But there is another reason why Bennu 
is important for the mission: it's the Armageddon 
asteroid that will pass between Earth and the Moon 
in 2135 and threaten to smash into the planet later 
in the 22nd century. Information on its size, mass, 





Playing catch-up 


The craft has to rendezvous 
to catch up and then match 


Bennu's velocity so that it joins 
the asteroid in its solar orbit. 
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composition and orbital path will prove critical, as 
will a greater understanding of how its course is 
affected when it absorbs and radiates sunlight as heat 
- each tiny burst of heat nudging the planetoid in a 
certain direction. 

“It’s actually considered the most hazardous 
asteroid in the Solar System from a probability 
perspective,” Dr Lauretta says. “The good news is 
that the impact would occur 150 to 180 years into 
the future, so don't buy asteroid insurance tonight 
or anything like that. But for the future generation, 
this could be a real issue. We've studied it intently 
for more than a decade now and we understand its 
future orbital path and know it will fly between the 
Earth and the Moon in 2135. But there are certain 
possible trajectories, which we call keyholes, and if 
Bennu hits one of a dozen keyholes that we have 
identified, then it will impact the Earth 20 years or so 
from that point.” 

In the meantime, though, Bennu has a more 
positive, immediate future that will benefit both 
science and commerce. “When we did our target 
selection for the mission, we quickly narrowed down 
to a subset of asteroids that are the most accessible 
ones from the Earth,” Dr Lauretta says. “So if anybody 
is seriously thinking abut going to a near-Earth 
asteroid and mining it for resources or for resources 
that can be used back here on Earth, they'd be able 
to look at the same handful of objects that we looked 
at. And, because our mission is going to be very 
thoroughly characterised and mapped, we'll know 
its orbit, chemistry, mineralogy and dynamic state. 

It will become one of the lowest risk targets for a 
mission that wants to process material for rocket fuel, 
life support or economic minerals.” 

For now, the focus is very much on the mission 
at hand and the team is more than pleased with the 
way it has gone so far. In the course of its planning, 
the budget has been deliberately doubled to $1 billion 
(£764 million), primarily as a result of it moving 
from NASA's Discovery Programme to New Frontiers, 
which has already seen success with the New 
Horizons mission to Pluto and Juno's exploration of 
Jupiter. That led to the craft being built at Lockheed 
Martin by the same team that created Juno, allowing 
the mission to benefit from the engineers’ knowledge, 
although the craft has also drawn on the experience 
of the Stardust mission, which performed a flyby 
of the 5535 Annefrank asteroid in 2002. It has the 
resources and the know-how to be a major success. 





Slowing down 

Once it reaches the critical 
moment, OSIRIS-REx will 
perform a series of braking 
manoeuvres so that it slows 
down by 0.53km/s (0.32mi/s). 


Coming in... 

OSIRIS-REx will approach 
Bennu with a relative velocity 
of 20cm/s (7.9in/s). It can then 
Start its year of surveillance 
using its onboard instruments. 
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“The landmark for me was when we powered 
down the spacecraft for the last time in June because 
that was a big mind set change - there was no longer 
any remote possibility of changing something about 
the spacecraft or doing anything on the hardware 
side,” says Dr Lauretta. With that done and the launch 
forthcoming, it'll soon be a case of monitoring and 
planning for the rendezvous in 2018. 

If nothing else though, the mission has taught the 
value of patience. “We are going to really map this 
asteroid and characterise this body at a finer scale, 
and do it more comprehensively than anything that’s 
ever been done in the history of the Solar System,” 
he says. The best, it seems, really does come to those 
who wait. 





Touch and go Returning home Success landing 


OSIRIS-REx uses its robotic 
arm to grab its sample, which 
should take place in July 2020, 
all being well. It stores it in the 
Sample Return Capsule. 


“Asteroids 





On 3 March 2021, OSIRIS- 
REx will speed up to 0.32km/s 
(716mph). At four hours before 
atmospheric re-entry, it lets the 
Sample Return Capsule go. 
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The Sample Return Capsule 
should free-fall to an altitude of 
3km (1.9mi), then the parachute 
will open and allow for a soft 
landing. Mission accomplished. 
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Sounding rockets 
occupy the space 
between weather 
balloons at 40km 
(25mi) and satellites 
at 120km (75mi) 


What are sounding 


rockets used for? 


DeVere ei 
Sounding rockets are often used to bridge 
the gap between weather balloons at 40 
kilometres (25 miles) and satellites at 120 
kilometres (75 miles) altitude. Sounding 
rockets provide an easy route into the upper 
atmosphere, which enables studies to be 
carried out there. This can be very difficult 
using other technology, as most technology 
will not reach that high and the vehicles 
that do are often designed to go further or 
carry bigger payloads, and are subsequently 
much more expensive. 

Sounding rockets are not only featured 
in upper atmosphere research, but they are 
often used in microgravity experiments as 
their flight paths cause a few minutes of 
weightlessness onboard. As they can fly 
above the majority of the atmosphere, they 
are also incredibly valuable platforms for 
ultraviolet and X-ray astronomy. JB 
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If the Milky Way didn't form, then would we still be here? 


Pam Lawrence 
This depends entirely on why the 


Waxing gibbous 





Galaxy formation 


Milky Way didn't form. If the Milky alk saat 
Way didn't form due to a lack of material slowly 
material, gases and dust, then no, being influenced 
we would not be here. Generally, our by its own gravity 


understanding of galaxy formation is 
that it is the result of a huge cloud of 
material slowly being influenced by 
its own internal gravity. This pulls the 
clouds into the shapes and patterns we 
see. With a total absence of material, 
a galaxy would never form and we 
would not be here either. 

If the primordial Milky Way had 
the material but ended up forming 
in a different way, which resulted in 
a different structure, the answer is a 
littlhe more complex. As the material 
clumps and forms stars, we expect 
some of those to contain planetary 
systems. But whether or not this 
results in life is still up for debate. SA 
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Building a successful rocket requires 
a great deal of knowledge, resources, 
logistics and funding 


Do you need to work for 
an aerospace company 
to build a rocket? 


Datran James 
Technically, anyone can build a 
rocket, providing they have the 
knowledge and the funds. That being 
said, working for an organisation 
often makes that a little bit easier. 
But these organisations don't have 
to be companies. For example, Space 
Agencies such as NASA, ESA, and 
JAXA are not really private companies, 
but will often design and build rockets. 
On top of the resources and 
logistical costs of a rocket, the 
technology can often be subjected to 
regulations. Due to the connection to 
weaponry, if a private individual or 
organisation started building rockets 
it may raise a few questions. It could 
also be argued that, as aerospace is 
defined as the branch of technology 
that covers spaceflight, once you start 
building a rocket you are working 
within the aerospace industry. TM 
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We can see the Sun for up 










































to two minutes before or 
after it rises or sets 
Recon 
Why can I still see the Sun just 
before sunrise and just after sunset? 
y * SOLAR SYSTEM WM eleNo)yAlerm aie me) ma ielom de tome) Ene the Sun for up to two minutes before Think of how a straw looks bent when 
i 7 a (pu yy just before sunrise and just after or after we should be able to see it. The it is put into a glass of water. As the 
j } iA sunset comes down to the fact the reason for this is something that we light passes through the Earth's thick 
Lap | | Earth has an atmosphere. ez B(ie-enleyen atmosphere it bends upwards slightly, 
If you closely watch the horizon As light moves through any sort meaning that we can see an image 
around these times we can see this of material, its speed and therefore of the Sun just before it rises over the 
effect, and at its maximum, we can see its path can sometimes be altered. horizon or just after it sets. TM 









€ Neen elet as 


Ee : Nie | ) : The numbers one to 
‘ae ; f - Ce ie r hi 
j 7 6 oe ii its ; Why do we think ten written in binary. 
Some scientists believe the gullies were 


created by water, while others suggest binary code is d DNA 


they were created a dioxide ice gO O d me ans of ms atl ih ; i a aon 
If water didn'tform communication 


the gullieson Mars, jth alien life? 
then what did? Dan Brown in Ae for the sugars 


Kenneth Scarlett We believe that out of all of our and bases in DNA. 

The subject of water on Mars is a very communication methods, binary 

hot topic at the moment. Initially, may be the one that requires the 

it was thought that these gullies least interpretation. Using a language a 

were created by water, adding credit like English or Chinese or any 

to the existence of liquid water on other requires an understanding of ; ; 

Mars. But recent studies have shown characters, how we join those to make 5 Sa Joi eaeaeth 

that, although the gullies look like words, intention and meaning of bela dalla ata cemnana: 
| | and the human population on 

those carved by water on Earth, the words, context and many other facets = Tens 

materials found in them don't seem to to understand. Even native speakers 

be consistent with water being present of a language can often misinterpret 

at some point before. This seems What someone is saying. Ye) Rl System 

contrary to the presence of the gullies The thought behind binary is that it Our solar neighbourhood 

in the first place. is the simplest form of communication along with which planet the 

The most popular theory at the we have. We also believe it is a form i a : ij tk message is coming from. 

moment is that the gullies were that evolves fairly naturally based on 

caused by carbon dioxide ice, which an understanding of mathematics and, 

is found on the surface. However, as such, we hope this would mean Arecibo telescope 

these theories are still unconfirmed. that it is universal. A binary message tele 

Hopefully, as we continue to study (pictured right) was transmitted via oa du ult Me 

Mars, we will find the answers to radio waves to globular star cluster a SCL 

these intriguing mysteries. SA M13 in 1974. JB 











Double helix 
The structure of DNA. 
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What are the 





chances of a 


meteorite hitting a person? 


Frank Davies 

The chances of being hit by a 
meteorite are incredibly low, and 
throughout all of human history there 
have only been two confirmed cases 
of people being hit. One case was 
from 1954, when a grapefruit-sized 
meteorite crashed into a house in 
Alabama, US, and struck a woman 
who was lying on the sofa. And the 
other case is of a child uf Germany, 


\ 
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® Meteor showers 
Meteor showers occur at the 
Crane mtg aT Maer SES 
Earth passes through a region 
that has a large concentration 
of debris, shed from either a 
comet or an asteroid. From 
our location on Earth, meteors 


a appear to originate from the 


aa same location year after year. 


= 


Bolide 

Bolides are not too 
dissimilar to fireballs, 
however, their 
pyar 4a la aT=oM MI Cclatsle me) 
that of a full Moon and 
even brighter than that. 
Bolides often explode in 
the planet's atmosphere. 
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who was struck on the hand on his 
way home from school. 

Despite an estimated 55,000 tons 
of material from space falling to 
Earth every year, the rate of human 
impacts is so low due to the nature 
of our planet. With 70 per cent of our 
planetary surface taking the form of 
seas and oceans, this is the resting 
place for the majority of meteorites 
that find their way to Earth. TM 


BU awe lem te4pl mn dale] om lee) nV a eles 
by a meteoroid or an asteroid as 
it enters the atmosphere at high 
speed. The brightness comes 

about as the rock rubs against 

air particles to make friction, 
which heats the meteors. 


ee 
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acer ie | 


A fireball is another term for a 
_very bright meteor. If you ever 
see a fireball streaking through 
the night sky, then you'll quickly 
notice that its bright white-orange 
hue outshines that of Venus, the 
py afe4n) eas] 8) ]a(=) meme =B) ON 
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These bodies are made of ice, rock, dust and 
frozen gases. Comets have a nucleus and show 
off a brilliant tail when they get closer to the Sun. 
As they fracture and disintegrate, some comets 
leave a trail of solid debris. A comet's nucleus 
ranges from 16-60km (10-37mi), while their tails 
can stretch for millions of kilometres. 


Meteoroid @ 

A small rocky or metallic body that 
races through space, meteoroids 
are quite a lot smaller than their 
larger cousins, the asteroids. They 
i xeN PAM ROM] kom ae 
(3.3ft) wide chunks of rock. Lumps 
of space rock that are even smaller 
than meteoroids are classified as 
micrometeoroids or space dust. 





































What is meant by 
‘aperture fever’? 


Christopher Hurt 
‘Aperture fever’ is a term used in 
amateur astronomy circles. It refers 
to the desire to get bigger and better 
observing equipment. Many people 
recommend that anyone wishing to 
get into stargazing should begin with a 
small pair of binoculars. This enables 
you to see a little more than you can 
with the naked eye and offers a good 
starting point from which to progress. 
In astronomy, aperture refers to 
the size of the hole that light enters 
through. Generally speaking, as the 
aperture of the telescope gets bigger, 
you can see fainter and fainter objects 
in increasing detail. Aperture fever is 
used to refer to people who want to 
keep increasing the aperture of their 








equipment to get better and better 
views of the night sky. JB 











@’. SOLAR SYSTEM 


How are comets classified? 


There are more than 5,000 known ‘dirty snowballs’ knocking about the Solar 
System, all of which fit into a selection of categories 


Georgia Sackville 
Comets are best known for their tails, and their 
name actually comes from ancient Greek for “long- 
haired”. The largest ones are a bright presence in 
the night sky for a month or so as they make their 
closest approach to the Sun. They are icy bodies, 
dirty snowballs of water ice mixed with rock, dust, 
and frozen gases like carbon dioxide. The tail appears 
when the comet approaches the Sun and the surface 
layers turn to gas. This is then pushed away by the 
solar wind; it is mostly water and dust, though these 
can separate into two tails as the gas portion is more 
easily pushed outwards from the Sun than the dust. 
Comets fall into three major categories: short 
period, long period, and hyperbolic. While the vast 
majority do come from the Solar System, it is likely 
that some have come from outside, but there is no 
way to tell for sure. Short-period comets have orbits 
ranging up to 200 years and can be further divided 
into Encke-type, Halley-type and Jupiter-type. 


SEN eree niles | 
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Encke-type, named after Comet Encke, have orbital 
periods of less than 20 years and their furthest 
distance from the Sun is still within the orbit of gas 
giant Jupiter. Jupiter-type comets have an orbit in the 
region of 20 years and their furthest orbital point, or 
aphelia, is clustered around Jupiter's orbit. 

Halley-type are named after the iconic 76-year 
period comet that was discovered by Astronomer 
Royal Edmond Halley in 1705. He used the work 
of his contemporary Isaac Newton to demonstrate 
that two historic comets were actually the same one 
returning every 76 years. Halley-type comets are 
generally believed to originate from the Kuiper Belt 
in the region of Neptune, and tend to be in regular 
elliptical orbits in the same general plane as the 
planets. They range in period from 20 years up to 
200 years and cycle between the Kuiper Belt and the 
inner Solar System. 

Long-period comets have periods greater than 
200 years and cycle in highly eccentric orbits that 





® Short-period 
These have periods 
from three years 
(like Comet Encke) 
ranging up to 200 
years, and include 
the famous Halley's 
Comet, which 
returns every /6 
years. They are 
generally in the 
same plane as the 
planets and are 
believed to have 
originated in the 
Kuiper Belt of 
objects near the 
orbit of Neptune. 





© Jupiter-family 
Regular comets 

that orbit in the 
general plane of the 
Solar System, those 
that belong to the 
Jupiter-family have 
a period of around 
20 years. They are 
classified together 
because their orbits 
are clustered around 
the gas giant's orbit. 


Comet ISON 





can be at any inclination to the Sun's axis. They are 
theorised to come from the Oort Cloud, a vast sphere 
of icy debris expected to surround the Solar System 
from somewhere in the region of 2,000 to 5,000 AU 
(1 AU, or astronomical unit, is the distance from Earth 
to the Sun) out to possibly as much as 100,000 AU 
(which is more than a light year). 

Hyperbolic comets have an eccentricity greater 
than one, where a perfect circular orbit has an 
eccentricity of zero, and elliptical orbits have an 
eccentricity between zero and one. This means that 
they have an open path past the Sun and out of 
the Solar System; these comets may well include 
ones that have come from interstellar space, as such 
bodies are likely to be ubiquitous. We have even been 
able to detect the signature of exocomets, comets 
orbiting other stars, by detecting how their tails block 
specific wavelengths of light when they pass in front 
of their parent star. Even light years away, comets are 
still famous for their tails. RH 


Long-period 
Orbiting the Sun in 
cycles, which takes 
them anywhere 
up to thousands of 
years to complete, 
long-period comets 
are believed to 
originate in the Oort 
Cloud - a sphere of 
icy debris at the very 
edge of the Solar 
System. 





® Hyperbolic 
These have orbits 
that are open 
curves, Called 
hyperbolas, that 
carry them out of 
the Solar System. 
They may have 
originated in the 
Oort Cloud, a huge 
sphere of icy debris 
surrounding the 
Solar System; or 
have entered from 
interstellar space as 
it seems likely that 
comets are spread 
through the galaxy. 
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7O Moon tour 

Turn your telescope toward 
Tycho, a crater made famous 
by a classic sci-fi film 


71 Naked eye & 


binocular targets 
Discover asterisms as the 
evening skies get darker 


planets 


Gs This month's 


Mars and Saturn remain 
visible low in the south 


TARGAZER 


GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 
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ov Hae seeee 


penumbral eclipse 
Capture the Moon's wander 
into Earth's outer shadow 


yz Take award- 

winning astroimages 
Astronomy Photographer of 
the Year winners reveal how 


Fa pet la Tt we . ll te! 


oe! Dret=) oq sie Observe the sis) The Northern 9Q Me & My QO? In the shops 1 
fae CeLp Fx) Andromeda Galaxy Hemisphere Telescope Must-have telescopes, books, | | P 
Turn your scope to Cassiopeia The spiral is a breathtaking Enjoy Solar System and deep- The best of your planetarium software and apps ' 
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sky objects with longer nights 


astrophotography images on the shelves now 
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Penumbral lunar eclipse 
visible from Europe, 
Asia, Australia, Africa, 
South America, Pacific, 
Atlantic, Indian Ocean, 
Arctic and Antarctica 





Asteroid 11 
Parthenope 
is well 
placed for 
observation 


Mercury is 
at greatest 
elongation 


west in the 
dawn sky 
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Jargon buster 





e 
bsery, Melon i ee n 
j ) 
red Tage Ti Conjunction Declination (Dec) 
This is an alignment of Declination tells you how 
ASA } objects at the same celestial high an object will rise 
A a \. longitude. The conjunction in the sky. Like Earth's 
(Ve Ry). of the Moon and the latitude, Dec measures 
» \ ie em | planets is determined with —_ north and south. It’s 
| 1. ) ae reference to the Sun. A measured in degrees, 
. mh / pr planet is in conjunction with arcminutes and arcseconds. 
eT ON) ae the Sun when it and Earth = There are 60 arcseconds in 
A are aligned on opposite an arcminute and there are 


sides of the Sun. 60 arcminutes in a degree. 


Right Ascension (RA) Magnitude 


oY foal SK Pate ollo as to PAN 8 ollo L Ui & - Right Ascension is to the An object's magnitude tells 


ty 
: 








Very | sky what longitude is to you how bright it appears 
i) ' : — the surface of the Earth, from Earth. In astronomy, 
\) i ) A ~—b \Jfa Wh a et mE corresponding to east magnitudes are represented 
; - _— ' J - and west directions. It is on a numbered scale. The 
: | \ } , measured in hours, minutes lower the number, the 


and seconds since, as the brighter the object will be. 
Earth rotates on its axis, we So, a magnitude of -1 is 

see different parts of the brighter than an object with 
sky throughout the night. a magnitude of +2. 





Piscid meteor Greatest elongation Opposition 
h When the inner planets, When a celestial body is 
See See its | Mercury and Venus, are at __in line with the Earth and 
SEP 3 : | their maximum distance the Sun. During opposition, 





the Moon peak of five from the Sun. During an object is visible for the 
and Uranus meteors y greatest elongation, the whole night, rising at sunset 
In Pisces per hour oat inner planets can be and setting at sunrise. At 
observed as evening stars at this point in its orbit, the 
greatest eastern elongations celestial object is closest 
and as morning stars during to Earth, making it appear 
western elongations. bigger and brighter. 
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All figures are given for OOh at midnight (local times for London, UK) 
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Date 
16-Sep 
22-Sep 
29-Sep 
06-Oct 
12-Oct 


16-Sep 
22-Sep 
29-Sep 
06-Oct 
12-Oct 


16-Sep 
22-Sep 
29-Sep 
06-Oct 
12-Oct 


16-Sep 
22-Sep 
29-Sep 
06-Oct 
12-Oct 


16-Sep 
22-Sep 
29-Sep 
06-Oct 
12-Oct 


Canes Venatici 


Centaurus 


RA 


11h 10m 04s 
11h 02m 20s 
11h 18m 28s 
11h 54m 20s 
12h 31m O9s 


13h 16m 23s 
13h 43m 35s 
14h 15m 54s 


14h 49m OOs 


15h18m 05s 


17h 26m 56s 
17h 43m 40s 
18h 03m 49s 
18h 24m 31s 

18h 42m 37s 


12h 06m O2s 
12h 10m 47s 
12h 16m 20s 
12h 21m 54s 
12h 26m 38s 


16h 36m 16s 
16h 37m 26s 
16h 39m 37s 
16h 41m 49s 
16h 43m 53s 


— | 
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a 


es - 


a Sy 
a) ’ 
| 


Dec 
O2° 35' 25" 
05° 3113" 


05° 44' 04" 
02° 40°52" 


-O1° 19° 43" 


-O7° 32'37" 
-10° 29' 08" 


13° 44' 34" 


-16° 44' 36" 


-19° 03' 18" 


-25° 48' 34" 
-25° 54' 08" 


-25° 5151" 
-25° 39°19" 


-25° 23' 44" 


00° 32' 06" 


00° OT 16" 


-00° 34' 41" 


-O1° 10°27" 


-O1° 40' 48" 


“20° 32°23" 
-20° 36' 26" 
-20° 41 34" 

-20° 47' O1" 


-20° 51°55" 


~ ma eats’ 
Jupiter 


Constellation Mag 


Leo 
Leo 
Leo 
Virgo 
Virgo 


Virgo 
Virgo 
Virgo 
Libra 
Libra 


Ophiuchus 
Ophiuchus 
Sagittarius 
Sagittarius 
Sagittarius 


Virgo 
Virgo 
Virgo 
Virgo 
Virgo 


Ophiuchus 
Ophiuchus 
Ophiuchus 
Ophiuchus 
Ophiuchus 


0.2 
-1.9 
-2.6 
-2.5 
-2.3 


41 
-41 
-4.2 
-4.2 
-4.2 


-0.6 
-0.5 
-0.5 
-0.4 
-0.3 


“17 
-1.6 
-1.6 
-1.7 
-1.7 


11 

12 
12 
1.2 
12 


All rise and set times are given in BST 


Rise 
06:10 
05:24 
05:11 
05:35 
06:08 


09:04 
09:26 
09:49 
10:11 
10:31 


15:07 
15:01 
14:53 
14:45 
14:38 


07:16 
07:00 
06:41 
06:22 
06:06 


13:40 
13:18 

12:53 
12:29 
12:08 


Set 


18:43 
18:27 
18:17 

18:09 
18:02 


20:00 
19:46 
19:33 
19:22 
19:14 


22:18 
22:10 
22:03 
21:58 
21:55 


19:29 
19:07 
18:42 
18:17 

17:56 


22:04 
21:41 
21:15 
20:49 
20:27 
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Find one of the Moon's 
most famous craters, 

A8 years after it was 
immortalised in a classic 
science-fiction film... 





The full Moon can be a dazzling 
sight through a telescope, so don't 
look at it for longer than a couple 
of minutes at a time. You can use a 
Moon filter to improve contrast and 
cut down any glare, which often 
washes out intricate surface details. 





Whichever way you look at the full 
Moon - with the naked eye or through 
binoculars or a telescope - all you'll 
see are areas of light and dark. That's 
because at full Moon, with the Sun 
blazing overhead, features on the lunar 
surface cast no shadows and show 
no surface relief. The rugged lunar 
highlands are splashes of white, and 
the lower, lava-filled 'seas' are patches 
of blue-grey. But around full Moon is 
actually a great time for beginners to 
find what many people consider the 
most famous lunar crater: Tycho. 

Tycho was named after the famous 
- or infamous - 16th century Danish 
astronomer Tycho Brahe, a larger than 
life character best known for wearing a 
gold-silver nose after his own was cut off 
in a duel. But the crater's greatest claim 
to fame is that it featured in the sci-fi 
film 2001 A Space Odyssey, it was where 
the enigmatic black Monolith was found 
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by lunar researchers, triggering Dave 
Bowman's ill-fated mission to Jupiter. 
Unlike some famous lunar features, 
finding Tycho is an easy task. Just 
look towards the bottom of the lunar 
disc when the Moon is full around 15 
September, rising mid-evening in the 
east, and you should see what looks 
like a bright spot. Binoculars or a small 
telescope will reveal the light spot has 
lots of narrow, bright lines radiating from 
it, some reaching to the top of the disc. 
This feature is Tycho, and the bright 
lines are rays of debris, which were 
created when the crater was born in a 
meteorite impact 108 million years ago. 
The crater is 85 kilometres (53 miles) 
across and almost five kilometres (three 
miles) deep. The ‘central peak’ mountain 
that rears up from the centre of its 
hummocky, pitted floor is almost two 
kilometres (1.2 miles) high. The longest 
rays stretching away from it end more 


iP 


than 1,500 kilometres (932 miles) away, 
roughly the same distance as from 
London, UK, to Lisbon in Portugal. 

To see Tycho properly you'll have to 
Wait until the crater is illuminated by the 
Sun at an angle, not from overhead, as 
its appearance will change dramatically. 
By 21 September, with the Moon waning 
and not rising until 1Opm, it will look 
like everyone's classic image of a crater - 
a pit with steep walls, a mountain peak 
jutting up out of its centre, and rays of 
debris shooting away from it on all sides. 

Tycho will be at its very best between 
9 and 12 October, when the terminator 
of the waxing Moon silently sweeps over 
and past the crater. With the morming 
Sun's slanting rays illuminating Tycho 
at a steep angle, even a small telescope 
will reveal a wealth of detail inside it. 

At high magnifications you'll see that 
the crater’s inside walls slope gently 
and are terraced, with many clumps 


Tycho crater 





of material spread across the floor. The 
crater's central peak really stands out, 
too, though not as starkly as it did on 
the famous image taken by NASA's 
Lunar Reconnaissance Orbiter in June 
2011. That landmark image revealed 

the mountain's slopes are streaked with 
rock-spills and strewn with huge stones, 
with an enormous single boulder, the 
size of Buckingham Palace, sitting right 
on its summit. 

Tycho is one of those lunar features 
that looks different every time you view 
it. When its eastern rim and western 
slopes are first kissed by sunlight, it 
looks like an empty eye socket staring 
back at you through your eyepiece. But 
as the days pass, more and more detail 
becomes visible inside the crater and 
around it. In those all-too-rare magical 
moments of perfect viewing, it will show 
so much detail in your telescope that 
you'll imagine youre flying over it. 
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This month's planets 


As dark nights return, Venus shines briefly after sunset, while Mars and 


Saturn remain visible low in the south 


Vela 


Right Ascension: 18h 06m 45s 
Declination: -25° 50' 42” 
Constellation: Ophiuchus 
moving into Sagittarius 
Magnitude: -0.4 

Direction: South 


Capricornus 


Piscis Austrinus - 


Mars is now entering the final farewell 
act of its grand performance for 2016. 
Earlier in the year, when it was at 
opposition and a lot closer to us, Mars 
was a stunning sight, visible from dusk 
to dawn as a strikingly-bright orange 
‘star’. As they stared at its cinnamon- 
hued disc through their telescopes, 
astronomers were thrilled by views 
of its shining white ice caps and dark 
features. Even those with no knowledge 
of the night sky were struck by Mars’ 
impressive looks, blazing in the sky like 
a hot coal spat out of a fire. 

As we reach mid-September those 
glory days are far behind Mars, but 
even though it is now much fainter, it 
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20:00 BST on 30 September 


is still easily visible to the naked eye. 
As soon as darkness falls you'll see 
Mars low in the south, looking like a 
yellow-orange ‘star’, to the left of gold- 
hued Saturn (Mars was close to Saturn 
in the summer, but the two planets are 
now pulling apart). It is currently in the 
lower part of Ophiuchus, the Serpent 
Bearer, and sets by 1Opm so you won't 
have long to observe it. But grab every 
chance you get: by mid-October Mars 
will have drifted south into the ‘teapot’ 
of Sagittarius and will have pulled even 
further away from us, making it even 
fainter and harder to see than it is now. 
Because its disc - now becoming 
increasingly gibbous in phase - is so 


small, you will need a telescope of six- 
inch aperture or greater to see features 
and landmarks on the surface of Mars. 
However, on a cool autumn night with 
good seeing conditions, you should 
be able to spot the dark ‘shark fin’ of 
Syrtis Major, especially between 29 
September and 4 October. 

Syrtis Major was the first feature 
on another planet to be observed and 
drawn; in 1659 Christiaan Huygens 
Saw it through his telescope and made 
a rough but famous sketch showing 
it very clearly. You may also just be 
able to see the huge Hellas impact 
basin, which looks like a round, bright 
area beneath Syrtis Major through a 


Scorpius « 
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telescope. Hellas is an asteroid-blasted 
wound on Mars that is over 2,300 
kilometres (1,430 miles) wide. 

At the start of October, the Moon 
will hopscotch towards and then 
past the two planets, shining to the 
upper left of Mars on the evening of 
8 October. Mars has the distinction of 
being the only planet we know of that 
is inhabited solely by robots. A small 
fleet of orbiters sent from different 
countries are studying the planet from 
above, while two rovers trundle across 
its rock-strewn surface day after day. 
They take photos of its beautiful, barren 
landscapes, which you can view online, 
often mere hours after they were taken. 
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Right Ascension: 14h 34m 42s 
Declination: -15° 29' 37" 
Constellation: Libra 
Magnitude: -4.2 

Direction: West 


Venus is an evening star, only visible 
| for a short period each evening before 


Scutum. : : 





| Sagittarius 
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dropping out of sight. With a clear 
horizon you'll be able to pick it out as a 
glint of silver low in the southwest just 
after sunset, but you might need to 
sweep the sky with binoculars to find 
it. When the sky gets darker it will be 
very obvious to the naked eye. 
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Right Ascension: 12h 25m 51s 
Declination: -O1° 35’ 46" 
Constellation: Virgo 
Magnitude: -1.7 

Direction: East 


Jupiter has passed behind the Sun and will become a 
morning star in October. You'll need to get up before 

sunrise to see it as a bright blue-white ‘star’ low in the 
east. Binoculars will reveal up to four of its 60 moons. 


Right Ascension: 12h 24m 53s 
Declination: -O0° 36’ 58” 
Constellation: Virgo 
Magnitude: -2.1 

Direction: East 


By 27 September Mercury (magnitude -O.2) will rise at 
5.20am. An hour before sunrise on 11 October, Jupiter 
and Mercury will be shining less than a degree apart 
as a beautiful double star to the naked eye. 
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Right Ascension: Olh 24m 46s 


Declination: +08° 13' 11" 
Constellation: Pisces 
Magnitude: +5.7 
Direction: East 


Uranus’ magnitude of 5.7 means it 
is technically visible to the naked 


| Bootes — 


eye, and if you know where to look 

- on a Moon-free night with no light 
pollution - it can just be glimpsed as a 
faint star. Most sky-watchers have only 
ever seen it through an optical aid, and 
if magnified a dozen times, Uranus’ 
green colour gives it away instantly. 


Right Ascension: 16h 41m 49s 
Declination: -20° 47' 49" 
Constellation: Ophiuchus 
Magnitude: +1.2 

Direction: Southwest 


As twilight deepens on any clear evening in late 
September and early October, look to the southwest 
and you'll see Saturn shining just above the horizon, 
looking like a gold-hued star to the naked eye. Like its 
nearby companion, Mars (still on view off to Saturn's 
left), Saturn was much more impressive through 
summer, but it has faded a lot since the barbecues 
have been put back in the garage for another year. 
While binoculars will enhance its brightness and 
colour and help you pick out its largest moon, Titan, 
you'll need a telescope to see its rings and smaller 
moons. Look for the crescent Moon, which will be 
shining above and to Saturn's left at dusk on the 
evening of 6 October. 
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Astrophotography used 
to just be for the experts 
-not any more! — Y 


Like the fields and rolling green hills of the. + 
countryside on a summer's day, or the ocean Daas 
in a golden sunset, a starry night sky is so beautiful ~ 
it’s only natural that people want to photograph it. 
Similar to any creative hobby, there are different ~ 
levels of expertise you can aspire toandreach. — 
From dark-sky sites, often many kilometres from _ 
their homes, experienced astrophotographers. e 
use sophisticated cameras attached to Preach e 
telescopes to capture multiple images of deep-sky — 
objects, which they then layer - or ‘stack’ - together, ae 8 ns Cigar att ee ee ae AML ee 
and process using sophisticated image processing ein ae LTE ete Fe ae ee SE a Pre eam 
software, to create portraits of galaxies, clusters a ate 7 a at pale* ee koe ee 
and nebulae, rivalling the images that professional gh Seth sR Pt ape ee ae MG nest fe Di TAU te oe # 
observatories were taking a decade ago. | Py = kobe vec inte te LN aa * ae ae ‘ 

Other astrophotographers, using just entry-level Lia sees eee OHS eet os te eee Es 
digital SLR cameras on steady tripods, take beautiful . a 7 eee Pa ser ; 
images of constellations, meteor showers and s i ' . os ) 
the Northern Lights just from their gardens. And | 
today’s smartphone cameras are sensitive enough : 
and of high enough quality to let anyone take a 
lovely photograph of a crescent Moon smiling in the 
twilight, or a close encounter between two planets 
in the brightening sky before dawn. ll 

So, astrophotography is not just for the experts. . 
And like any hobby, the more you practise, the = 
better you get. One day you might even win an 
award for your photographs. ss 
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From his location in the Southern Hemisphere, Mark Gee captures 


stunning skyscapes that combine the beauty of the Earth and the night sky 


When did you begin photographing the sky? 

It wasn't until I moved to Wellington, New Zealand, 
13 years ago that I discovered astrophotography. 

I remember going to a remote seaside village and 
seeing the galactic centre of the Milky Way for 

the first time. I could hardly believe it was real 

and I spent the rest of that night looking up at the 
sky being totally blown away by how many stars 

I could see. I decided that I had to learn how to 

~ photograph what I saw that night. 


Can you tell us about your prize-winning photo? 
I photographed it in the same area where I first 
saw the Milky Way. It’s a very dark, remote location 


on the southeastern rene of the North Island and 
my plan was to shoot a time-lapse looking straight 
up at the lighthouse. When I went to check on 


»my time-lapse, the Milky Way was low in the sky, 


seemingly projecting out from the guiding light 

of the lighthouse. I ran as fast as I could to get my 
equipment and shot a 360-degree panorama using 
a-GigaPan robotic pano head. Guiding Light To The 
Stars is a 220-degree crop of that panorama. 


What is your go-to equipment? 

I shoot 90 per cent of my images with a Canon 6D 
DSLR and a Zeiss 15mm f/2.8 lens on my tripod, 
and a lot of the time that’s all I will head out with. 
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Lalso do a lot of time- -lapses and use a es Genie 
motion control unit on a slider to get the motion. 


Do you have any special techniques? 

These days an entry-level DSLR camera and wide- 
angle lens on a tripod Will allow you to get some 
impressive images. You just need to set a long 
exposure, with your aperture wide open and a 
relatively high ISO value. The real trick to taking 

a stunning skyscape involves getting a good 
composition and marrying the landscape to the 
sky. I always plan my shoots and compositions, and 
make sure I visit the location in the daytime before 
attempting to photograph it at night. 








Chasing the Northern Lights 


James Woodend takes spectacular shots of the Aurora Borealis. How does he do it? 


What's the background story behind your award- 
winning photograph? 

The image was taken at Jokulsarl6n, South Iceland, at 
142am on 9 January 2014. I had visited the ice lagoon 
at J6kulsarlon on several occasions - I knew exactly 
the location to take a good reflection photograph of 
an aurora but the conditions had always prevented 
me from getting the image I wanted. During January 
2014, the lagoon was free from a covering of surface 
ice (rare in winter) and with no wind to ripple the 
surface, all I needed was a touch of moonlight, clear 
skies and an aurora to get the shot. The night in 
question was cloudy but there was a sudden break 

of clear sky just after lam - above was a spectacular 
aurora dancing across the sky. I got my shot. 


James’ toolkit 


=) DSLR camera 


=) A sturdy tripod 
’ ) Fast, wide-angle lens 
=} Warm clothes 


= Chemical heat pads to 
warm up frozen lenses 


So it seems you were in the right place, at the right 
time. What equipment do you carry with you? 

I tend to upgrade and change my equipment on a 
regular basis as and when the noise level of cameras 
improves. My one bit of equipment that has served 
me well over many years is my carbon-fibre Gitzo 
tripod. It’s solid as a rock on a windy night - they are 
expensive but worth the outlay. 


Everyone loves a beautiful display of aurorae, but 
why were you drawn to the Northern Lights? 

If you view the Moon, planets, stars, galaxies and so 
on then you are an observer. If you are present when 
a large, energetic aurora kicks off directly overhead, 
then it’s as if you are somehow a participant. 


So what would you say are the essentials for 
photographing aurorae? 
A sturdy tripod, a reasonably noise-free digital 
camera and a fast wide-angle lens. Aurorae tend to 
occur towards the polar regions, so you need to be 
as far north (or south) as you can possibly get, and 
as far away from light pollution as possible. Winter 
is a good time to image aurorae because you have 
long dark nights. I have photographed for over seven 
hours at night with temperatures below -35 degrees 
Celsius (-31 degrees Fahrenheit). I found the camera 
had no issues, but there were three problems: 
Camera batteries do not last long in the cold, so 
several, fully charged back-up batteries tucked inside 
a warm coat pocket are essential. 
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The camera lens can freeze over - I replace it with a 
different lens that's been kept warm in my pocket. 

Warm clothing and warm drinks are essential - it's 
not a good idea to drink alcohol [or coffee] just before 
going out to observe or while outside in the cold. 


Is there one shot that you missed that you wish 
you could go back and capture? 

When I was in the Swedish Arctic, I witnessed the 
most amazing corona overhead burst. It was so huge 
that there was no dark sky left as it stretched from 
horizon to horizon. It only lasted for two minutes. 

I did not have a wide enough lens to capture it (a 
180-degree fish-eye lens would have been useful) so I 


just stood back and watched in complete amazement. 
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Snapping star clusters 


Beneath the beautiful southern constellations, Ignacio Diaz Bobillo 
specialises in imaging distant nebulae and glittering star clusters 


Has astrophotography always interested you? 

I became interested in my early youth. I started 
with visual astronomy, using a small Newtonian 
telescope, but was soon intrigued by the 
possibilities of astrophotography and started with 
wide-field imaging using a telephoto lens. These 
were the days of film photography, and I had to 
venture into chemical developing. It was fun. 


Things have certainly moved on since then! Can 
you tell us about the equipment you use now? 
For the last six years I have used the same OTA, 

a 5-inch (127mm) Astro-Physics apochromatic 
refractor (AP 130 GT). It is a great telescope for 
astrophotography, as it is very versatile and can be 
used with a focal reducer or a 2x Barlow lens to 
achieve various fields of view. I've always imaged 
with DSLR cameras, and lately I have been using 

a full frame, modified Canon 6D, for which I have 
built a peltier cooler box. It performs outstandingly. 


What do you enjoy most about photographing 
distant nebulae and clusters of stars? 

I live in the Southern Hemisphere, so I enjoy the 
better views of our Milky Way. How could I not try 
to image those beautiful, extended dusty objects, 
sprinkled with tens of thousands of colourful stars? 
There are so many different objects to photograph; 
it's enough to keep you busy for a long time. 


With such a wealth of objects available in the 
Southern Hemisphere, what's your favourite? 
I don't really have a favourite. All are interesting 


and challenging to image in their own right. Each 
new Moon I carefully plan ahead and choose those 
objects that are best positioned in the sky. 


Which image-processing software do you use? 

I use almost exclusively Pixinsight (for data 
reduction, registration and post-processing). It is 

a sophisticated piece of software that will get the 
most out of your data. It requires some investment 
of time to get used to, and it can take a couple of 
hours up to a full day to process an image. When 
dealing with low signal-to-noise images, I process it 
several times, as you learn a lot about the data. 


Can you give any advice for beginners? 

Keep it simple with wide-field astrophotography 
(DSLR camera, lens and a tripod) or with a small, 
guided refractor. Then move slowly up to the next 
level of difficulty, but only when you master your 
current level. Pay as much attention to acquisition 
as to data processing; they are both critical. 





Ignacio’s top tips on deep 
sky photography 


=) Use a DSLR camera and a telescope, or a DSLR 
with a long lens on a tracking mount and a tripod 


=) You'll need a dark sky, with little light pollution 
=) Use a deep sky filter or a light pollution filter 


=) Use image processing software to ‘stack’ multiple 
images - Ignacio recommends Pixinsight 
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“I didn't have time to move. 
I had to take the picture 
from where I stood” 


Overall winner of Astronomy Photographer of Year’s Silk Skies: “After waiting many hours on top of 





Aurorae category in 2015, Percy from Australia the mountain for the aurora, I finally gave up and 
headed over to Abisko National Park in Lapland, decided to call it a night. I packed up my gear and 
Sweden, to take his prize-winning shot. Using a began to walk back. As I stumbled down the hill, 
Canon EOS 5D Mark III camera with a 24mm f/1.4 I noticed the snow reflecting a green glow (you 
lens at ISO 2000 and using a four-second exposure, can see my footprints on the left). I quickly turned 


he recalls the moment he captured the Swedish around and looked up to see this.” 


Photographing in 
cold conditions can 
be challenging for the 
photographer and for the 
equipment. Being well 
prepared is essential 
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Capturing 
galaxies 


Michael Van Doorn takes 
beautiful portraits of galaxies far, 
far beyond the Milky Way 





What excites you about astrophotography? 

At a very early age I was already interested in just 
about everything around me, especially astronomy, 
and started to read all kinds of books about it. Later 
in life I started with photography and practiced 
almost exclusively macro photography, because 
capturing things the human eye can't see on photo 
Was an intriguing aspect of the hobby. I still wonder 
Why it took so long to combine the two interests: 
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photography and astronomy. And so in 2012 anew 
hobby was born. 


Have you had many photographs published? 
No - my first and only published photograph was the 


image that won the Insight Astronomy Photographer 
of the Year competition last year. 


What a way to start! Tell us about it... 

Some friends pushed me a little to enter the 
competition but I never expected to win, and 
although it was great to win the award, I don't have a 
great hunger for winning competitions so I have not 
entered any others. The image was a high-resolution 
image of the neighbouring spiral galaxy M33. The 
data for this image was shot from my home in the 
Netherlands, but not very long after this image was 
taken, I started imaging from a remote observatory in 
the south of Spain with another enthusiast. The data 
coming from this observatory is of a much higher 
standard, making it possible to image much more 
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difficult objects such as dark nebulae and tidal tails 
from galaxies. 


Can you tell us about the equipment you use? 
When imaging in the Netherlands where clear nights 
are rare, my favourite astrophotography equipment 
was an 11-inch (280mm) SCT reflector with a 
Hyperstar lens installed. This makes the system 
really fast: at 560mm f/2.0 the photons came in 
quick, about 15-times quicker than ordinary systems 
like refractors. With this speed I could image a lot of 
objects and learn the techniques quickly. 


With the whole sky to photograph, what's the 
special appeal of photographing galaxies? 
Astrophotography requires a substantial commitment, 
and experience comes only at the expense of a lot of 
sleep. But nothing can beat the fulfilment of seeing a 
picture come alive after hours and hours of imaging 
under a beautiful starry night sky. Think about it: the 
photons from those galaxies travelled for millions of 
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Michael's tips on 
capturing galaxies 


=) Use a camera - a DSLR or a more 
advanced CCD camera - attached toa 
telescope 





= Make the most of nights with clear, dark 
and steady skies 


ES Use image processing software to ‘stack’ 
and complete your images 


= Make sure you have lots of memory 
available on your computer 








years before finally reaching my camera lens, creating 
an image of a beautiful object. 


How do you maximise your chances of taking 
good astrophotographs? 

It is all about planning. Get the maximum out of 
those rare clear nights when there is no Moon by 
shooting your luminance and RGB frames. When the 
Moon is present, take your narrowband frames. I also 
shoot two hours’ worth of data per object on a clear 
night, using only the hours when the object is near 
the zenith, before moving on to the next object when 
it comes closer to the zenith. This way I am taking 
images of the best possible quality. 


Which object would you like to photograph but 
haven't yet? 

For some reason I've never imaged M1, despite it 
being one of my favourite objects. But now that I'm 
imaging from a remote observatory with over 250 
clear nights a year, I think I will succeed this time. 
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Shooting the Solar System 


Damian Peach is one of the most successful and respected 
astrophotographers in the world and specialises in imaging 


the planets 


What got you started in astrophotography? 

It was seeing images published in magazines 
during the mid 1990s, especially the planetary 
work of Don Parker. Don Parker was a pioneering 
astrophotographer who died last year. Many people 
think that his photographs of the planets, taken 

in the early days of CCDs and image processing, 
revolutionised astrophotography. 


Tell us about the first image you had published, 
and how it differs to the images you're taking now. 
I don't actually recall the very first photo I had 
published, however, I can remember the first photo I 
had featured on the Sky At Night TV programme - it 
Was an image of Saturn, taken in October 1999, and it 
featured in the show the following month. Compared 
to the images taken today it is of much poorer 
resolution, but for the time it was very good. 


Can you tell us a little bit about your favourite or 
most-used piece of equipment? 

I think it would have to be my first C14 telescope, 
which I obtained in 2005. I've had so many great 
views and images with this scope, and even today it 
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continues to perform. 

Your portraits of Saturn, Jupiter and Mars are 
respected and admired around the world, as the 
comments on your Facebook posts show. What's 
the special appeal of photographing Solar System 
objects for you and what is your favourite object 
to image? 

Their dynamic nature. They have ever-changing 
weather, which makes them fascinating objects to 
study in the long term. And my favourite object has 
to be Jupiter. I've had so many incredible views of it 
through the years, and even today its weather keeps 
us guessing as to what will happen next. 


It’s tempting for some beginners to look at your 
gorgeous photos, showing the caramel cloud 
bands of Jupiter and Saturn's shining rings, and 
think, “I'll never be as good as Damian, I shouldn't 
even bother trying!” What advice would you give 
to them? 

Astrophotography should never really be viewed 

as a competition. Enjoying it is far more important, 
and although when starting out things can seem 
daunting, with time and practice it’s possible for 





anyone to start achieving good results. So it is all 
about practice and commitment. 


You're probably considered a ‘veteran’ 
astrophotographer now. What changes have you 
seen since you first took up the hobby? 

Two major changes I've seen in the time I've been 
doing this are the massive advances in camera and 
software technology, and also the number of people 
trying their hand at imaging - there are many more 
people active today than when I started out. 


DEVE ewe 


IAPY 2011 Our Solar System Winner: 
Jupiter With Io And Ganymede 


Damian's top tips for 

planetary and lunar imaging 

BS A DSLR camera attached to a telescope will give 
good results, but for highly detailed images you'll 


need to use something more advanced, such as 
a CCD camera or a webcam 












BS You'll take the best images on clear, dark nights 
with steady skies 


=b Use image-processing software to ‘stack’ and 
enhance multiple images 


= Make sure you have enough memory on your 
computer to run the software 


B Take lots of close-up images of the Moon and 
combine them into one detailed mosaic 
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Get the best images 
Omeme sacle claceiiass 


Not as easily spotted compared to a total lunar eclipse, here's how 
you can capture our Moon's wander into subtle shadow 


Ephemeris 
Tripod 

DSLR camera 
Telephoto lens 


We are probably all familiar with total 
solar eclipses and perhaps less so with 
total lunar eclipses. The latter is when 
the Moon passes into the shadow cast 
by the Earth and so it grows dimmer 
from our view than usual. 

The Earth’s shadow, due to the way 
the light is blocked by our planet, falls 
into two parts. The darkest part of 
the shadow is called the umbra and 
therefore, when the Moon occasionally 
passes through this, we see a total 
lunar eclipse. However, unlike you 
would expect, the Moon does not go 
completely dark, but instead glows a 
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deep orange colour due to some light 
being bent and passed through the 
Earth's atmosphere. 

A penumbral eclipse however, is 
much harder to see, as this part of the 
Earth's shadow is much fainter. The 
Earth blocks some of the Sunlight 
reaching the Moon but not all of it. 
This can make it hard to tell with the 
naked eye that it is even happening, 
but you can record the eclipse with 
a camera. This will show you when 
the Moon is in the Earth’s penumbral 
shadow and when it isn't. 

Eclipses, both umbral and 
penumbral, only occur at the full 
Moon phase, when the Sun, Earth 
and the Moon are almost exactly in 
alignment. Penumbral events occur 
when the alignment is almost exact 
but not quite, otherwise we would see 
a total or umbral lunar eclipse. 

The next penumbral eclipse, which 
will be visible from Europe, Africa, 
Australasia and Antarctica, but not the 


Americas, will occur on 16 September 
2016. The eclipse will start at 16:54 
UTC (add one hour for BST), although 


it will not be visible in western Europe 


at this time, as the Moon will not be 
above the horizon. 

However, mid-eclipse will occur 
at 18:54 UTC and so will be visible 
from western Europe at this time. 
The eclipse will end at 20:53 UTC. To 
see the full effect of the penumbral 
eclipse, it is worth taking a series of 
photographs with your DSLR camera. 
It's best to space out your exposures 
at intervals of, say, 20 minutes 
throughout the course of the eclipse. 

If you don't want to take a series of 
photographs, then you can just take 
two images: one at mid-eclipse and 
another once the eclipse is over. This 
will show the difference in brightness 
of the lunar surface during and after 
the eclipse. A series of shots though 
will show the progress of the eclipse 
across the face of the Moon. 


@ Robin Scagell; Alamy 


Use an ephemeris, which includes 
important information about times and 
positions of celestial objects. 


A reliable clock or watch will enable 
you to know the stages of the eclipse - 
anywhere from mid-eclipse all the way 
through to the end. 


Using a digital camera, ensure that you 
are scrupulous with your recordings, 
making sure that you write down the 
time for each shot. 


Use a telephoto or zoom lens to make 
the Moon a good size in your images. 


Take a series of images spaced out at 
20-minute intervals. This will record the 
Earth's shadow crossing the lunar disc. 
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Shoot a penumbral lunar eclipse 


Running a few test shots beforehand will ensure great images on the night... 





To ensure that you get really good images at the the setting on your zoom lens. Good focus is really 

time of the eclipse, take some test images with your important, So use your view screen at maximum 

camera on the evening before the event. This will magnification to make sure that your focus is as Send YOUL photos to | 
give you an idea as to what settings to use regarding sharp as it can be. Don't make the image too bright. photos@spaceanswers.com ff 
exposure time and the focal length of the lens or It’s better to slightly under-expose than overdo it! : 





Pick your observing site Be aware of exposures Stay in focus with high magnification 
| Check the time of Moonrise as well as the "7 Work out the number of exposures you want “4 Make sure that you have good focus. Use the 

maximum eclipse. It’s also important to know to take during the penumbral eclipse. One high magnification on the camera's view screen 
when the eclipse finishes for your observing site. every 20 minutes can work really well. to help keep your focus sharp. 


| 
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Be consistent Image every 20 minutes Enhance in protachop 
A The Moon will get brighter as it climbs in 5 Take a series of exposures every 20 minutes If you process the images in software such 
altitude. Do allow for this, but keep your to show the progress of the eclipse. Be sure to as Photoshop, be sure to apply the same 
exposure time the same throughout the eclipse. keep a note of the time of each shot. processes to every image to ensure consistency. 
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a 
ae: Star clusters and nebulae are waiting 
7" s for your telescope in the autumn skies 

f The nights are much darker now, which means some easier to see than others. Some of these objects 
there are more hours to enjoy the wonders of the have evocative names such as Caroline's Rose Cluster 

+ autumn skies. There are some wonderful star clusters or the Heart Nebula, while others are just known by 

' available to those armed even with a small telescope, their catalogue numbers. 

: along with a nebula or two that may prove to be The size of your telescope will dictate how bright 
more challenging targets for observation. and how well you see many of these objects, but size 

The distinctive ‘W' pattern of the constellation of isn't everything and many of them can actually look 
Dragonfly Cluster (NGC 457) Cassiopeia lies in the band of the Milky Way galaxy better in a smaller scope due to their apparent size in 





and is littered with star clusters and nebulae, with the sky. Here are a few choice objects for you to enjoy. 
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Caroline's Rose Cluster (NGC 7789) 

This lovely open star cluster, discovered by 

Caroline Herschel in 1783, has swirls of stars 
resembling the petals of a rose. 


Dragonfly Cluster (NGC 457) 

Sometimes known as the Owl Cluster or even 

the ET Cluster, this attractive group of stars 
looks great at medium power. 


Gamma Cassiopeiae Nebula (IC 59/63) 

A UHC filter will help to show up this cloud of 

ionised hydrogen in a crescent shape around 
the star Gamma Cassiopeiae. 


Heart Nebula (IC 1805) 

Shaped like its name suggests, this nebula is : _ 4 : 

very tricky visually and shows up best with . , ’ a 
long-exposure photography. s . ; 


Soul Nebula (Westerhout 5) , . —_— 
Close to the Heart Nebula (of course!) this cloud ; 
of gas is also difficult visually, although a UHC | Kars ers 


filter will help. It shows up well in astrophotographs. 





© Davide De Martin; Science Photo Library 
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The famous spifal‘is 


* a breathtaking object 


in the autumn skies. 
Here's how to get 
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The Andromeda Galaxy (M31), is an 
object which is almost the stuff of 
legend. Everyone has heard of it, but 
many people have never seen it and 
don't know how to find it. In fact, it is 
one of the most distant objects that 
you can see with the naked eye. You 
do need a fairly dark sky to be able 
to see it, though. The galaxy itself 
belongs to our ‘Local Group’ and is 
probably the largest member of it, 
containing up to twice as many stars 
as our own Milky Way Galaxy. 

It can be found in the constellation 
of Andromeda, unsurprisingly, and 
lies close to the star Mu Andromedae. 
It has two companion galaxies, M32 
and M110 or NGC 205. These are much 
smaller visually than M31, but are 
noticeable even in small telescopes on 
a clear night. Visually, the Andromeda 
Galaxy looks like a small, elongated, 
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misty patch of light. Binoculars show 
it up really well. In fact, they are 
probably the best instrument to view 
this object with, if you want to see 
it in all its glory. This is because M31 
is surprisingly large and stretches 
over three degrees of sky. This is six 
times the diameter of the full Moon! 
The reason you can't see it clearly of 
course, is because it is faint due to it 
being 2.5 million light years away. 
Binoculars or a small telescope have 
greater light gathering power than 
the human eye on its own. There are 
a couple of ways to track down M31 
if you are not sure where it is. A good 
method is to ‘star hop’ to it. Start with 
the star Alpha Andromedae, the bright 
star at the north-east corner of the 
Square of Pegasus, and then hop to the 
next bright star going westward. This 
is Delta Andromedae and then on to 


ca 
a 





Beta Andromeda, known as Mirach. 
Turn right here and hop up to Mu 
Andromeda. You're almost there! The 
next star up is Nu Andromedae and 
just off this star you'll find the misty 
patch of light which is the galaxy. You 


can star hop this way using binoculars, 


Get a star map 

A star chart will show you the location 
of the Andromeda Galaxy and therefore 
can help you star hop to it. 


Learn how to star hop 

This is a method by which you can find 
objects in the night sky. Use a familiar 
Star as a Starting point. 


Allow your eyes to adjust 
Once you've found the galaxy, let your 
eyes take in as much detail as possible. 
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You'll need: 
VY Star chart 

V Binoculars 

¥ Small telescope 





©R. Gendler 


a telescope or with the unaided eye, 

because M31 is bright in the night sky. 
Once you've found it the first time, 

it will be much easier the next time. 

It will take a large telescope to show 

any structure in the galaxy, but a small 

scope will reveal the bright core. 


Use binoculars for 

fuss-free observations 
Binoculars are probably the best and 
the easiest instruments to use when 
viewing the Andromeda Galaxy. 


Use a low power eyepiece 

for detailed observations 

Use a low power eyepiece with a wide 
field of view to observe the Andromeda 
Galaxy. M31 is quite large and will fill the 
eyepiece easily. 


www.spaceanswers.com 





|Observe the Andromeda Galaxy N 


Getting the best view will enhance your experience of observing Andromeda. Here's how... 


Binoculars of at least 10x50 magnification will fit M31 see it as it looks in photographs. It is amazing to see 

comfortably into the field of view, but it will look like this distant island universe of stars with your own 

a fuzzy, elongated patch of light with a brighter core. eyes. A large telescope of 10” aperture or more should Send YOur photos to 

A telescope will show it better but you might not be show some structure in the spiral arms and reveal photos@sp aceanswers.com 

able to fit all of it in the field of view. Don't expect to the bright core of the galaxy very well. | at 
Use bright star Alpheratz as a sign post Head west 
A star chart will help you find Alpha Andromedae (also known as Alpheratz) Move westward along the line of stars of the Andromeda constellation until 
so that you can position it in the field of view of your binoculars. you come to the next bright star, Delta Andromedae. 





Locate Beta Andromedae (Mirach) 
Move westward again until you come to Beta Andromedae, otherwise 
known as Mirach. Turn right or north here and keep going. 


Head north to Nu Andromedae 
Heading north of Mirach, you'll come to Mu Andromedae and Nu 
Andromedae. Head northeast of the latter and you'll find the galaxy. 


Look out for a bright core 
Explore the field of view and see just how much of the galaxy you can 
observe. The bright core of M31 should be obvious with a H-Alpha filter. 


Write 
CFE AY 





Hunt for the Andromeda Galaxy's satellites 
See if you can spot nearby M32 and M110, also known as NGC 205. A 
small telescope will show them as brighter spots in the field of view. 
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The Norther 
Hemisphere 


The longer nights are now upon us, leaving astronomers 
to enjoy both Solar System and deep-sky objects 


The constellations that are most 
common in the autumn skies are 
starting to wheel into view, offering a 
wonderful selection of galaxies, open and 
globular star clusters, as well as Mars, 
Saturn, Uranus and Neptune for those 
with binoculars and telescopes. 

The Great Globular Cluster in Hercules 
(M13) and Messier 56 in Lyra (The 
Harp), as well as open cluster IC 4665 
in Ophiuchus (The Serpent Bearer) are 


This chart is for use at 1Opm (BST) 
mid-month and is set for 52° latitude. 


( Hold the chart above your 
“a head with the bottom of the 
page in front of you. 


( , Face south and notice 
“= that north on the chart 
is behind you. 


‘ ® The constellations on the chart 
“=” should now match what you 
see in the sky. 


Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
0.5 to 1.0 
1.0 to 1.5 
1.5 to 2.0 
2.0 to 2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0to 4.5 
ess 








































splendid evening targets. If you're keen 
to stay up into the early hours of the 
morning, then you'll be rewarded as 
Taurus’ Pleiades star cluster (M45) and 
galaxies such as the Andromeda Galaxy 
(M31), the nearby Triangulum Galaxy 
(M33) and face-on spiral Messier 74 
in the constellation Pisces (The Fish) 
make their appearance. They will 

be observable until sunrise washes 
them from view. 
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Open star clusters 
Globular star clusters 


Bright diffuse nebulae 


Observer's note: 

The night sky as it appears 
on 16 September at 
approximately 10pm (BST). 


Planetary nebulae 


Galaxies 
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Phil Howarth 

Dorset, UK 

“Recently, I’ve had an 
explosion of creativity and 
passion with capturing 
fragments of the night 

sky above us. With the 
spectacular Perseid meteor 
shower and perfect conditions for observing 
the night sky, I've been up late most nights to 
take in the views. Combining my interests in 
photography and astronomy has been a steep 
learning curve but experiencing the silence, 
solitude and breathtaking views has sparked 
a new chapter in my photographic journey.” Milky Way over Durdle Door, Dorset 





90 www.spaceanswers.com 
































1 * STARGAZER 


Me & My Telescope/' 


Warren Keller 
West Virginia, 
USA 
Telescope: 
16” RCOS 
Ritchey- 
Chrétien 

r. owned by the 

inivensity of North Carolina 

“I'm an advanced 

astrophotographer and teacher 

and have been published as 

an author and photographer in 

many astronomy magazines, 

as well as many places on the 

internet, including NASA's 

Astronomy Picture of the 

Day (APOD). I was also a 

consultant for Celestron where 

I co-designed AstroFX software 

for the Nightscape camera, 


ee NGC 1097 in Fornax 
representative for QSI Imaging." 





a“ a 
_ Ae Jaspal Chadha 
3 London, UK 
| re ; me Koel) oT Eee ee eee 
‘. + is WD a as _* -“T have been imaging for’ 
z : Lae: i - around two-and-a-half 
kt os as hme VF : | i a | bee years now after spending 
: re iit ae or. +; Soha eae diet years looking through 
ay | ve s various telescopes and 
r * et , A AE Oe ; Beech where I enjoyed estnene all about 
| Pi aie the objects in the night sky. After months of 
; i research and trial and error, I finally invested 
in a setup that I thought would work for me. 
My biggest challenge has been to fend off 
the myths around imaging in light-polluted . 
areas, as I live in London. I started out with 
DSLR ‘astrophotography but now use a CCD 
to capture a wide.range of night-sky targets.” , 


Horsehead Nebula (Barhard 33) 








Cd 


eS a a Send your photos to... @spaceanswers © photos@spaceanswers.com 
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Meade Polaris 9OEQ 


Ideal for those looking to track objects in the night sky, this refractor 
is Suitable for touring the lunar surface and the Solar System 


Telescope 
advice 


Cost: £250 

From: Hama UK Ltd 
Type: Refractor 
Aperture: 3.5" 
Focal length: 35.43” 


Best for... 


Beginners 
Small budget 
, Terrestrial views 
j mg Planetary viewing 
) Lunar viewing 
Bright deep-sky objects 


) Basic astrophotography 


a. ee 
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As ever, Meade have provided a 
telescope that boasts a superior build 
over other instruments within its 
price range. Finished off to a high 
standard, the manufacturer of the 
Polaris 9OEQ has provided a very good 
selection of eyepieces, as well as a 

2x Barlow lens for low, medium and 
high magnification that not only saves 
money, but ensures that the amateur 
astronomer has everything they need 
to get started in astronomy. 

Similar to the telescope, the 
accessories are well made with no 
signs of finishing glue or the stickiness 
that we've encountered with other 
telescopes below the £300 price 
tag. There were a couple of negative 
points, however: the red dot finder’s 
construction isn't the best, as it 
is made of plastic, but it certainly 
got the job done, and the AutoStar 
instructional DVD that comes with the 
telescope is unfortunately unable to be 
used on a Macintosh computer. 

Assembly is quick and easy. While 
Meade Instruments always provide a 


The Polaris 9OEQ comes 
with three eyepieces for low 
(26mm), medium (9mm) and 
high (6.3mm) magnification, 
as well as a 2x Barlow lens 


comprehensive manual with each of 
their telescopes, we found the setting 
up very intuitive - to the point that we 
rarely needed to refer to it. This makes 
it ideal for those wanting a telescope 
that’s quick and easy to set up and 
doesn't cut into observing time, or for 
those who are in the early stages of 
learning their way around the sky. 

If you're used to using a scope with 
an alt-azimuth mount, then you may 
find the setting up and use of the 
Polaris 90EQ's German equatorial 
quite tricky. However, full guidance 
is provided in the supplied manual, 
which is packed with very useful 
information. If you're unsure of how 
to get the best out of an equatorial 
mount, then we advise doing a bit 
of research on them before your 
observations. Polar aligning is an easy 
task once the observer knows how to 
use this type of mount. 

We had an excellent run of 
clear skies throughout August and, 
combined with a dark-sky site, the 
night sky was our oyster. Being a 










refractor, the Polaris 9OEQ is much 
more suited to Solar System targets, 
SO we made the most of the planetary 
line up between the yellow-orange 
Mars, yellow-white Saturn and the 
reddish supergiant star, Antares, in the 
constellation of Scorpius, as well as the 
very close conjunction between Venus 
and Jupiter a week later. A very sturdy 
mount allowed us to achieve steady 
views of the Solar System. 

Saturn, thanks to its impressive 
array of rings, is by far the planet 
that all beginners enjoy observing 
the most. Views of the gas giant were 
remarkable through the Polaris 9OEQ, 
with a bit of colour easily detectable 
and its rings clear and crisp thanks to 
the refractor’s optics, which have been 
smothered with anti-reflection coating. 
We were keen to enhance our viewing 
experience, so used a selection of 
coloured filters - orange, light red, 
dark red, dark blue and violet - with 
the 26mm eyepiece, which provided 
an easy-to-screw-off barrel that made 
threading attachments a breeze. The 
combination provided beautiful views 
of bands, poles and ring detail and is 
highly recommended. 

Using the 9mm and 6.3mm 
eyepieces provided blurry images of 
Saturn, so as with many planetary 
observations, we recommend using 
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‘low power’ eyepieces. Moving south, 
we made contact with Mars, which 
shone at a dazzling magnitude of -0.9. 
As expected, views of the planet were 
sharp with the Red Planet taking the 
form of a salmon-pink disc. 

A waning crescent Moon with 15 per 
cent illumination allowed us to obtain 
views of the rugged lunar surface, with 
pin sharp sights of craters and lunar 
mare of exquisite contrast. There was a 
degree of chromatic aberration, which 
is very common with refractors, but 
the blue fringing didn't detract from 
the views on offer. 

If you want to try your hand at 
some basic astrophotography, then 
the equatorial mount allows for 
sturdy photography using either a 
smartphone or DSLR camera. Tracking 
is also easy with the Polaris 90EQ, 
using the setting circles for Right 
Ascension and Declination and the 
slow motion controls for a pleasantly 
smooth experience. If you aren't 
keen on continually turning the 
knobs to track planets during lengthy 
observations, then we recommend 
purchasing a motor for the mount. 
Alternatively, Meade UK offer 
instruments that come supplied with 
motor drives and larger apertures. 

Deep-sky objects such as bright 
star clusters could be observed using 
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The objective lens features 
an anti-reflection coating that 
is exquisitely even, boasting 
bright and clear views 


“The equatorial mount allows for 
basic astrophotography” 


the refractor. The Great Globular Cluster 
in Hercules, also known as Messier 13, 
appeared as a small, fuzzy ball through 
the field of view, while a selection of 
double stars could be split very easily. 
While the Meade Polaris 90EQ is able 
to provide views of objects beyond our 
own Solar System, it is better suited for 





Telescope advice 





Ared dot finder makes for 
easy Star-hopping compared to 
standard optical finderscopes 


The Polaris 90EQ isa 
step-up from a beginner 
scope or is suitable for 
those on a budget 


A German 
equatorial } 
mount with 1 
slowcontrols | 
allows for 
tracking objects 

f inthe night sky | 





observing the Moon, the planets 
and terrestrial targets here on 
Earth. This makes it suitable 

as a more advanced beginner 
telescope, or for those who are 
keen observers of our celestial 
neighbours but may be on a 
tight budget. 


Take a fuss-free tour of the planets 
_and lunar surface this month 


Courtesy of: 
MEADE INSTRUMENTS 
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The smart solution 





Complete with everything you need 
to get spectacular views of the night 
sky starting from your first observing 
session, the Meade Polaris 90EQ delivers 
bright and detailed images that make it 
ideal for viewing both land and celestial 
objects, including the lunar surface and 
the planets of the Solar System. 

The Meade Polaris 9OEQ features 
a stable equatorial mount with slow- 
motion controls, which makes it a 
breeze to track celestial targets as 
they move across the night sky under 
stable conditions. Supplied with three 


eyepieces that 

provide low, medium 

and high-powered 

magnification for viewing a 

wide range of night-sky objects 

- from the Solar System planets 

to bright galaxies and nebulae - this 

refractor is ideal for the entire family. 
Also supplied is the AutoStar Suite 

Astronomer Edition software, which is 

packed with a catalogue of thousands of 

celestial objects. This assists in helping 

the first-time astronomer to learn their 

way around the night sky. 


To be in with a chance of winning, all 
you have to do is answer this question: 


Be st eae 
is the Solar System located? 
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Enter via email at alaboutspace@imagine-publishing.co.uk 
or by post to All About Space competitions, Richmond 
House, 33 Richmond Hill, Bournemouth, BH2 6EZ 


Visit the website for full terms and conditions at www.spaceanswers.com/competitions 





Established for 

over /0 years. 

Sherwoods are one of 

the Midlands leading 
specialists in Night 4 

Vision, Binoculars 

and Astronomical 

Telescopes. | 

At our new showroom now 
open at the Arden Centre Little 
Alne (nr Henley in Arden), we 
display optics from the world’s 
leading manufacturers. 


The Arden Centre Little Alne 
Wootton Wawen 
Warwickshire B95 6HW 
Tel. 01789-488880 























Fornax Mounts, ZWO CMOS & Moravian Instruments CCD cameras 
available via our online shop and our select dealers: 
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BEGINNER TELESCOPES FROM UNDER £100 
WiFi TELESCOPES FOR ANDROID & iOS 
COMPUTERISED TELESCOPES UP TO 20” 
ASTRONOMY BINOCULARS FROM £33.99 


EXPERT ADVICE & LIFETIME TECHNICAL SUPPORT 
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TELESCOPES EYEPIECES FILTERS MOUNTS & MORE 


DIGITAL SLR CAMERA ADAPTERS FROM - £11.00 
MAINS 5 AMP POWER SUPPLIES - £26.00 
SKYWAT CHER LIGHT POLLUTION FILTERS - £18.00 
QUALITY MOON FILTERS FROM - £8.99 


*STARSENSE AUTOALIGN FOR SKYWAT CHER* 
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In the € SNCS 


The latest books, apps, software, tech and 
accessories for space and astronomy fans alike 


NASA Saturn V 

Owners’ Workshop Manual 

Cost: £22.99 (approx. $30) 

From: Haynes 

If you're a fan of all things spaceflight - and are especially 
keen on the incredibly powerful rocket that first took humans 
to the Moon - then we can't recommend this book enough. 
Employing a clever spin on the famous Haynes manuals, 
which you can purchase for a variety of vehicles, this book 

is sure to delight any space fan. We also recommend the 
Haynes’ Apollo 11, Lunar Rover, Moon and Gemini manuals as 
companions to this hardback. 

An impressive level of detail and beautifully coloured 
technical diagrams kept us hooked from page one, allowing 
us to absorb a deluge of information on the rocket’s various 
systems and explore how the Saturn V pushed rocketry to 
new heights. Rocket science is notorious for being difficult 
to understand, but the author David Woods has made it 
as accessible as it can be, unafraid to explore the intricate 
details of the engine and guidance systems that powered this 
wonderful vehicle. 

While an index would have been a wonderful addition to 
this excellent book, we can’t fault Woods’ work in the slightest. 
Clearly extremely knowledgeable about all of the details of the 
Apollo era, Woods’ enthusiasm for what is one of the greatest 
turning points in history leaps off the page - so much so, that 
we couldn't put it down. Highly recommended! 
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Redshift 8 Premium 
Cost: $59.99 (approx. £46) 
From: Redshift Live 

Suitable for a PC that runs Windows 7 all the way through to 
Vista, Redshift is a comprehensive guide to the heavens. Redshift 
8 allows you to travel across the Milky Way and beyond, giving 
you a close-up view of planets, moons, asteroids and other 
celestial bodies in our Solar System. As expected, the Premium 
version of this software is one of the most professional pieces of 
software available on the market. Within a few moments of using 
Redshift 8, we immediately realised that it was worth paying for 
over free, less superior planetarium software. However, in our 
opinion, it would be more valuable if Redshift 8 was compatible 
with Mac OS X. Redshift 8's design is impressive, but given that 
its interface has changed since versions 6 and 7, it took some 
time to find information on celestial events. However, once we 
worked this out the software was easy to use. A glossary of 
astronomy terms is especially useful if you're looking to expand 
your stargazing vocabulary. We also discovered that we had to 
‘Force Quit’ the software on several occasions - something that 
may infuriate users. Nevertheless, with a simulation of 100 
million stars, 1 million deep-sky objects and 500,000 
asteroids, as well as breathtaking images, videos, 
and animations, interactive multimedia tours and 
telescope control, Redshift 8 has plenty to offer. 
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STARGAZER 


In the shops 
















































App 

GoSkyWatch Planetarium 
Cost: £2.99 / $3.99 

From: iTunes 

While it's possible to get stargazing apps for free on your 
smartphone, there are a handful of portable planetariums that 
are worth buying. GoSkyWatch Planetarium has all of the features 
without compromising ease of use. It is easy to download and 
responds well to constant use on an iPhone 6 without overheating 
or crashing the device. But given its high performance graphics 
and the amount of information it stores - including 200 images of 
planets and deep-sky objects, a Moon phase calendar and sunrise 
and set times - the app takes up quite a bit of memory. 

When fired up, the sky was immediately correctly orientated 
no matter how our phone was titled. The app’s graphics were 
pleasing to the eye and packed with detail. Some may be 
put off by GoSkyWatch only showing naked-eye stars, 
but we think that the 'sky view' looks a lot less cluttered. 

Pinching the night sky allows you to see an entire 

dome of stars as well as those below the horizon, while 

stretching enabled us to zoom into sections of interest. 

Thumbnail icons provide more detail on specific 

objects with just one tap and a red backlight 
preserves your night vision. 








Celestron AstroMaster tripod 

Cost: £100 (approx. $130) 

From: Celestron 

The AstroMaster tripod, which is suitable for telescopes, spotting scopes 
and binoculars, lives up to Celestron's reputation due to its exquisite 
build. What's more, the 3.6-kilogram (eight-pound) weight means that 
observations are stable whatever instrument you attach to the mount 
head. For the price, the AstroMaster tripod is certainly value for money 
when measured up against other tripods in the same price range. 
We fitted a range of observing aids - from 25x100 binoculars to a 
large spotting scope - to the mount, which featured a screw in the 
middle as well as a 6.35mm (quarter-inch) adapter for easy and 
secure attachment. Panning was impressively smooth, allowing 
for steady observations using just one hand. A good amount 

of friction meant that the mount head didn't tilt or fall back 
when we let the locking handle go, allowing for accurate 
observations and no need for recalibration. While it suited 
us, the height of the tripod could be quite problematic 
for those who are taller. Overall, the AstroMaster is an 
impressive piece of kit that's ideal for those looking 
for an affordable, high-quality mount. 
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How the Iranian- 
American 
engineer blazed 
a path towards 
Space tourlsm 


We are now closer to the era of true 
Space tourism than ever before. 
Companies like SpaceX, Virgin 
Galactic and Blue Origin are hoping 
to make the dream of going to 

space a reality for many paying 
customers. And, if and when it does 
come together, we might have early 
pioneers like Anousheh Ansari to 
thank. On 18 September 2006, Ansari 
became the fourth space tourist in 
history and the first female space 
tourist, in addition to being the first 
Iranian-born person in space. How 
She got there is an inspiring story, and 
perhaps one that many will follow in 
the footsteps of one day. 

Ansari was born in Meshed, Iran 
on 12 September 1966 before soon 
moving to Tehran. Having lived 
through the Iranian Revolution in 
1979, which sadly removed many 
rights for women, she emigrated 
to the US, where she studied for a 
degree in electrical engineering and 
computer science at George Mason 
University in Virginia. 

By the turn of the millennium she 
had become a multimillionaire, after 
co-founding a telecommunications 
company with her husband and 
brother-in-law. This led to Ansari 
giving millions of dollars to the X 
Prize Foundation in 2002, which 
is an organisation that aids the 
development of innovations for all of 
mankind. You might have heard of 
one of these: SpaceShipOne, which 
became the first private ‘space plane’ 
to fly to space, completing the feat 
not just once, but twice in two weeks 
in 2004 as part of the Ansari X 
Prize. The successor to that vehicle, 
SpaceShipT wo, is now being used 
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by Virgin Galactic to power its own 
dreams of space tourism. 

For Ansari though, the best was 
yet to come. Having always been 
fascinated by space, she was given 
the chance to train with a company 
called Space Adventures, which 
allows people to buy trips to the 
International Space Station (ISS) - 
hitching a ride on a Soyuz vehicle - at 
a price of around £15 million ($20 
million). The first person to do this 
was American Dennis Tito in 2001. 

Ansari began training for a mission 
to space in 2006 in Star City, Russia. 
After six months of training, she was 
given her shot when another paying 
customer was unable to fly due to 
medical reasons. She ultimately 
launched to the ISS on 18 September 
2006 and entered the space station 
on 20 September. 

During her eight-day stay on the 
Station, she was afforded the same 
glorious view that all astronauts on 
board had seen before. Ansari relished 
her time in space, agreeing to perform 
multiple experiments while she was 
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Ansari was the first 
female space tourist and 
the first Iranian in space 


there, including human physiology 
experiments for ESA. She was even 
interviewed on Iranian national 
television and became the first person 
to blog from space - something 

that many astronauts do today via 
platforms like Twitter and Facebook. 

Some may be quick to dismiss 
Ansari's trip as something reserved 
solely for multimillionaires. At 
the moment, that’s probably true; 
we don't all have £15 million ($20 
million) to spare. But her mission was 
an example of how anyone, from any 
background, could become a space 
tourist. As mentioned, she was not 
only the first female tourist, but the 
first Iranian too. 

Since her flight, Ansari has been 
an outspoken proponent of space 
exploration, preferring to describe 
herself as a spaceflight participant 
rather than a space tourist. Whatever 
you call her, she remains a pioneer as 
we move ever closer to an age where 
even more people, of all backgrounds, 
can travel to space. And that could be 
sooner than you think. 
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Astronomy Centres 


LOW PRICES 


we'll match any genuine web price! 
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Visionary 


Good optics and excellent value for money. 


: : ; 3” starter telescope 
Classic styling with rubber armour. 


complete with finderscope, _ 
table base and eyepieces. 0 





Visionary Visionary 


Good optics and excellent value for money. 
Classic styling with rubber armour. 











80mm objective refracting telescope. 
Sets up in minutes and really easy to | 
use. This is a great starter telescope " 
yet has all the features to grow with 
your hobby. 



















A strong and sturdy binocular - excellent value. 
Great tool for viewing the night sky at a great price. 


«Elinor 10x 
BAK 4 prisms, Fully multi coated , waterproof 
and nitrogen filled. 


Olivon x 
Great quality IF focus system binoculars. Rubber 
armoured, waterproof, BAK4 optics, shock resistant. 


4.5” mirror reflecting telescope with 
full astronomical equatorial mount \ 
takes justa shorttime tosetupand _— / 
use. Great for the beginner wishing i 
to learn all the basics of astronomy. “3 








Visionary 


6” mirror reflecting telescope gr 
so 





EYEPIECES/ACCESSORIES _Ostara Crystal moon filter 1.25”......... £9.99 | aah Me Sees ec atena, 
Plossl 5mm (1.25”’)........ se £14.99 Ostara Crystal moon filter 2”.......0000 £19.99 eae 4 eee ne wns a 
Plossl 10mm (1.25”) -asese£14.99 Ostara O-1II filter 1.25%. ccccssen£49.99 SATB Ise aThifll aPetEod and 
Plossl [Simm (1.25) sss £14.99 Ostara O-L 11 filter 2” ..eccccsscsssseeeen £59.99 EQ2 mount, side finder scope 
Plossl 20mm (1.25) sss £14.99 Ostara 2x achro barlow sess £34.99 and two eyepieces. 
Plossl 25mm (1.25") sss EI7.99 Ostara 3x achro barlo ..ssesssssssseeesse £39.99 | 
Ploss! 30mm (1.25) ..esssssssseee £17.99 Ostara 45 degree 1.25" vac £29.99 a 
oes ae (! a rae ! oe Ostara 90 degree 1.25". £29.99 — 
Super Wide angle 10mm (I. 99 Ostara 45 degree 2 ecccccceneeneen £99.99 
Super Wide angle 20mm (I.25) £44.99 Qctara 90 degree 2" £99.99 Vi sionar 
FF Simm (1.25) seossssssssssnsseeee £49.99 eee . ort oric — 
FE 12mm (1.25) vecsccssssessesee £49.99 REP ee edibiioculars featuring a 
FRelSramn(l25) ies cee £49.99 EYESH i E LDS Fit comfortably around the eyes blocking out | ~ | BAK4 prisms, fully coated lenses, 
FE 27mm 2a \asnsnarcmer £49.99 all distracting light and wind, enveloping the eyes in total darkness and Long eye relief, rubber armour body. 
ee rl “ ee fhe ide eae = 5 oN een Fates | HD 8x42 .....£69.99 
ITTV C2? Wcctercvcettcecaseeee ; yeshield Single for scopes and astro eyepieces : HD 8x56 .....£99.99 


SWA 38mmM (2”)...cccssccssecseeeees £79.99 Eyeshield pair — for compact binoculars £19.99 


Ca ee Eyeshield pair _ for larger binoculars £19.99 e 
S Many more filters and accessories 


We stock T2 mounts in stock, great prices! 


HD 10x50....£79.99 
HD 1|2x60....£89.99 
HD 15x70....£99.99 
HD 20x80.£149.99 
HD 20x80T £249.99 





HUGE RANGE 


. ee of eyepieces and 
C Ey, Clearview Binoculars: Four Square Chapel, Mapplewell. S75 6GG. Tel 01226 383736. accessories 


dtl as : r c 
alata K Callers very welcome, please check website for opening times. 


is a group of independent specialist 


eh cular Binocular Outlet: 01162 430 967, Check our website and visit us at shows and events throughout the UK: The Far-Sighted binocular company 
utletcouk piInocUularoutiet.co.UuK optical goods suppliers. For more 


information please visit 


ZZ. Objective Optics / D & E Hughes: Tel: 01758 613 291, 24 Penlan Street, Pwilheli, Gwynedd LL53 SDE — www-ar-sighted.co.uk. 
Objective Optics Peet r 


eTTatele TEM CS Losec LMSC aac a: i ; pe Offers are subject to availability and 


J M Optics: Denby Dale Road, Durkar, Wakefield. Tel 01924 763056 E: info@jmoptics.co.uk Ee aes 


and specifications are subject to 


Callers very welcome - by appointment only, call to arrange your visit. change without notice. 


4 The Army Surplus Store: 01297 23867, High Street, Totnes, Devon, TQ9 5NN 
ARMY hep meee 


SURPLUS STORE 


co’. aymscan™ AZ Golo 
J) | Computerised Telescopes 


The exciting new Sky-Watcher SynScan™ Alt-Azimuth GoTo Mount is a Precision Engineered Instrument that will allow you to Easily Find and enjoy 
viewing Night Sky Treasures, such as Planets, Nebulae, Star Clusters, Galaxies and much more. The SynScan™ AZ hand contro! allows you point your 
telescope at a specific object, or even Tour the Night Sky at the touch of a button!! The User-Friendly menu system allows automatic slewing to over 42,900+ 
objects. Even an inexperienced astronomer can master its variety of features in a few observing sessions. Combined with telescope OTA’s of proven High 
Quality, these Superb Packages are all you need to Explore the Universe to your Heart's Content!! 


















130MM (5.1") F/650 COMPUTERISED PARABOLIC 
NEWTONIAN REFLECTOR (left) Fantastic performance from this highly capable all-rounder. Its 
' precision Parabolic primary mirror captures 30% more precious starlight than a 114mm reflector for 
ale bright, sharp, contrasty views of a wide range of night sky objects. Supplied with 10mm & 25mm 
' Eyepieces and 6x30 Finderscope 
Khel 3 - 


f Is sharp optics ensure that i cetivers DNgnt, dilirachon-iimited mages \ ™ 
\. In short a great all-rounder in its class’ Ade Ashiord, www.scopetesi.com ) , 
"ts, - il . 


127MM (5") F/1500 COMPUTERISED MAKSUTOV-CASSEGRAIN (right) 
A larger version of the Skymax-102 providing a massive 55% more light-gathering power and packing an even more 
powerful punch than its smaller cousin for medium-to-high-power work. Supplied with 10mm & 25mm Eyepieces 
90° Star Diagonal and 6x30 Finderscope 


Prod.Code: 10209 Prod.Code: 10211 







































“This is one of the jewels in the Sky-Watcher crown. It's large enough to produce richl ly \ 
detailed, high-contrast, Lunar & Planetary images “hae Ashiord, www enamels com M 
ee 


102MM (4°) F/500 
COMPUTERISED REFRACTOR (below) ideal multi-coated instrument for the wide-field 
observation of Deep-Sky objects, such as Nebulae, Star Fields & Clusters and galaxies 
A useful telescope for astrophotography and also for daytime terrestrial use. Supplied 
with 10mm & 20mm Eyepieces, 45° Erect Image Diagonal and 6x30 Finder 
oe at 


( A compact and versatile photo-visual refractor equally at home delivering widefiekd 
, Geep-sky views or exploring terrestrial vistas. Ade Ashford, www. seaneietl. com \/ 





Prod.Code: 10208 


102MM (4°) F/1300 COMPUTERISED 
MAKSUTOV-CASSEGRAIN (right) 
This compact telescope, with its high-resolution 
multi-coated optical SyStem, @xcels al 
medium-to-migh-powers for the examination 
of the surface detail of the Moon, planets 
and also for double-star observations 
Also useful for terrestrial use. Supplied 
with 10mm & 25mm Eyepieces, 90° Star 
Diagonal and 6x30 Finderscope 





0 114MM (4.5") F/S00 
COMPUTERISED PARABOLIC 
NEWTONIAN REFLECTOR (left) 

This telescope with its superb parabolic 
optics provides excellent all-round 
performance for both the observation of 
the Moon & Planets and Deep-Sky 
objects. Supplied with 10mm & 25mm 
Eyepieces and 6x24 Finderscope 



















































10210 






————— 
The 






optics were so good. ..Capth ‘ 

Star clusters and brighte er nebu ae 
eatin ty Unger ark SKE es 

BBC Sky Al Night Magazine 







1 py ort | Py 
Wee we — TATE 





; with Sir Wat Cie r Maksuioy c” 


Astronomy Now Magazine 








1 
1 
1 
*N 
tne, 


« SynScan™ Database: Total 42,900+ Objects, including Complete M, NGC, IC & SAO Catalogues Alignment Method: Two-star or Brightest star alignment 
© Pointing Accuracy Enhancement (PAE) feature © Unknown Object Indentification feature * Pointing Accuracy upto 10 arcmin ~ Tracking Mode: Dwal Axis Tracking 


* Tracking Rates: Sidereal, Lunar, Solar * Slewing Speeds: 1.0x, 2.0x, 16x, 32x, 64x, 128x, 400x, 500x, 600x, 800x » Quiet Operation 
* Motor Type & Resolution: OC Servo Motors. Resolution 0.8923 arc sec or 1.452.425 steps/rev »* PC Compatible: can be used with popular Planetarium Software 
« SynScan Handset Firmware upgradeable via the Internet »* Power Requirement: 12v DOC Power Supply (Tip Positive) or AA Batteries (not supplied) 


| These portable | 
12v re chargeable power supplies are highly 
recommended for use with all SynScan™ mounts. 


‘| have used a great number 
of telescopes; some are good, 
some mediocre and some 


bad. To me the Sky-Watcher Stile 


range of instruments are very | COMPREHENSIVE COLOUR CATALOGUE with Full Details of our iT 
good indeed, & suitedto EXTENSIVE PRODUCT RANGE as well as Helpful Information & Advice | 


eMC sia air) 


| amateurs of all kinds — and 

| they are not priced out of tne 
market! Excellent value. 
Use them and enjoy them.” 

| Sir Patrick Moore CBE FRS 

| (1923-2072) 
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Our Products are Available from Dealers throughout the UK ov. Please contact us, or Check our Website for your Nearest Stockist 
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